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THE 

PR E FA C E. 

^UE Principia heing a hook which is univerfally 
.. read by all the worlds that pretend to any degree 
of philofophical learning \ it cannot be improper to e:fi^ 
pTain fuch pajfages therein asfeem obfcure and difficult. 
For altho* it is written in as clear aftile as can be done 
in fo few words ^ yet, by reafon of its concifenefs^ 
and the difficulty of tbefubjeSs treated on, maty things 
occur which require fome farther escplication^ efpeciallj 
to young beginners. * 

Accordingly feveral mathematical writers haU en^ 
deavourtd to explain fome parts or other, of this book, 
Jo make them intelligible to common readers, wbo^ with- 
cut fuch helps, would find it very difficult to get for- 
ward. 

The noble fubjells this book treats of being no {efs 

than the grand fabric of the world, and the whole 

fyftem of nature^ although comprifed in fo little a com- 

pafs, makes it highly deferving of every illujlration that 

can be given it. 

The author has clearly (hewn in this book, that all the 
hodies in the world are aSluated by the univerfal prin^ 
ciple of Gravity ; which is this^ that every body is at- 
traSled or impelled towards any other body^ by a force 
which is reciprocally as^ the fquare of the difiance of 
the two bodies. On this univerfal principle he fhews, 
that the motions of all the great bodies in the world are 
founded. 

Soever al men had written fyftems of Philofophy before 
Sir llaac ; but from their ignorance of nature^ none 
0f them could Jiand the left. But his Principles being 

A 2 built 



ir 



P R E I^ A C E. 

btdh upon the unerring foundation of Ohfervations and 
Experiments^ muft necejfarify Jtand good^ till the dif- 
folution of nature itfelf. 

This little Treatife was written many years Jinee ; 
for when Iftudied the Primipia^ 1 was frequently at 
aftopy which obliged me to make calculations k^e and 
there^ as I went on \ and when I had done, I fit them 
down as notes upon thefe places. Wherein I only 
meddled with thefe places^ that appeared difficult to 
me. ^hefe notes collected together are the fubjeSi of 
the following Comment. And I have revifedthe whole^ 
and added fever al things that feemed wanting. Tet 
J believe there are fome things ftill behind, which are 
not fufficiently explained by any Commentator ; and ef 
pecially fuch as are there laid down without their de^ 
tnonftrations. 

As no body is reckoned a Pbilofopher that does not 
read the PHncipia ; therefore I thought proper to pub^ 
Up thisfmall Traff, fuppojing that it may be ufeful to 
ethers, that have a defire to read that celebrated work. 
What I have further to mention, is this. Thepajfages 
referred to, and which are to be eocplained, are not 
taken from the Latin edition, which would not fuit the 
Englijh reader •, but from NJotteV tranflation, and from 
tbefirji edition thereof, if there happen to be more. 

W. Emerfon* 



ADVERTISEMENT. 

Befides the common Algebraic charafters which 
arc in ufe^ I make ufe of this OC » which figni* 
fiesa proportion. Thus A oC BC, fignifies that 
A is in a conftant ratio to BC, or that A is as BC. 
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SHORT COMMENT, 

contain! NG 

Explanations oir Sir ISAAC NE WTON*« 
Principia, as Tranflatcd by And. Motte. 



f [/^OR. 2. to the laws. And therefore if the 

\^ weight p is to the weight A, &c. J For p will 

\ have the fame cffed as P, it ^ : P : : />H x OL : 

* jpN X perpendicular from O on pN. And P : A : : 

(by what went before) KO : OL. Therefore, ex 

€quoj if p and A are in equilibrio, it will be p : 

A : : pll X KO : ^N x perpendicular from O on 

pN. Note, the line ^N ought to be drawn in fig. 

29 and not PL. 

[Cor. 4. ib.] This is dcmonftratcd in Keil's In- 
trodudtion, Theor. 20 ^ as lik^ewife in Lem. 23, 
p. .127, of this book. 

[ib. p. 28, fubfinem ; but the diftance between 
thefe two centers,] that is^ between the center of 
the two, and the. center of all the reft. Furthcft 
the aftions of all the bodies may be confidcrcd as 
the fum of the actions of every two ; and then the 
cafe will be plain. 

[Sch. to cor. 6, p. 33, then will ST reprcfent] 
For if RV =: retardation of delcribing 2RA + . 
2V A, ST will be the retardation of defcribing ^ 
of that, or 4- RV + 4.VA, that is SA or FA 1 and 
.therefore the body falling from S in the aic, or from 
A3 Titt 
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Fig- T in vacuo 5 will have, nearly, the fame velocity 
in A i the fame of jA or /A j for afcending to s 
in the air, or afcending to / for defcendmg from / 
to A) in vacuo has the fame velocity in A. 

[ib. p. g8, but if they are turned afidc by the 
interpofition] This is plain by Prop. 16, Mecha- 
nics. 

[ib. And in like manner, &c.} By the fame 
Prop, as before. 
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B O O K I. 

in' 

SEC T. I. 

[T EM. lo.] ^ For let AE be xJividcd into an in- 
1 ^ finite number of equal parts, any part, as 
ly X by the velocity Acquired in the time AD (that 
is, D xDB), is as the fpacq defcribed in that little 
. ^toaVt'of time iy\(for theijpicts' titc as the times x 
i ^By the vetocities/;. and 'theTurti of allthefe pro- 

^ . /'dufts (i?f afeiS, thath, the are^^s ADB, ^AEC, are 

\ ai the wh6le fpates defcribed in tfie times At), AE ; . 

^ijut thefe areas' aihe as AD* ahd AE*; b^ Lem. 9. 
'"'" [ib. ' C61r:i. -^ t6 the bodies, and n^eafured — ] 
that js,';and the faid' errofs*"'meafur*d by the dif- 
'Vanfces ^f the bodite, &t: ^^ ' 
' tL^^.*^! I. haVfe" a finite curvature] Thefe words 
exclude thofe curves whofe radius of durvaturi is 
: infinitely fmall, or infinitely grtrat. . 

[ib;'^Schol.] All this may be univerfally demon- 
ftrated after this manner. Let AB, AF be two 
paraboloids. Let, latus rcdum, of AF =: ^, of 
AB = *. AC = >:. AE .=r x. CB, EF, or 
AD nz'y. And let m be any affirmative index, and 

•'{uppo{tA=f+\ And r+^2:=:;^« + * + '. 

Then tf^+i";f«+i ^y n b^^+^ x 2«+''+* , 

And by involution, tf«Xi«+«+i ^+«+i .- 

^+«x«i-M ^«-hi^ And therefore, 4«**+««+« ^« 

.^«-+«/r-f«+« . . ^m+i . ^+1^ B^^^ becaufe x 

is infinitely fmall, therefore when » is affirmative, 

I the firft term is infinitely lefs than the fecond I and 

therefore %^+ 'is infinitely lefTcr than *^+* ; but if 

A 4 n'A 



I. 



8 ACOMMENToM 

Fig. n is negative, the firft term is infinitely greater than 

* the fecond, and therefore 2^"^* is infinitely greater 

than x*""^^ y or z than x 5 that is, in cafe the firfl: 

* DB is infinitely lefs, and in cafe the fecond, infi- 
nitely greater than DF. But DB, DF are as the 
curvatures of AB, AF, therefore, &c, 

S E C T. II. 

2, [Pr. 1. cor. 4. as the verfed fines, of arcs] de- 
fcribed in equal times, tending to the center of force, 
and bifeft the chords ; let AB r: BC, and Bd be 
-»7 to AC, then Ad zz dC. And when the arch 
AC is diminifhcd to infinity, e coincides with d ; 
and conftquentjy Ae zz ^C, or B^S bifefts the chord 
AC. Complete the parallelogram ABC/, and 
^B =: 4/B. Note, he calls that the verfed fign of 
an arch, which is commonly called the verfed fine 
of half that arch. 



[Pr. 4. cor. 2.] tor the forces oc 



% 



velo. 
rad. 



I!l!2L!:^ oc -^~ ; aU the other corollaries 
rad* />.times* 

^except the laft) depend on this. 

[ib. cor. b.]* Let R =: radius of curvature D = 
diftance from the cent« of force. Then will the 
p.time oc R« oc D" (by fimilarpofition), and the 
areas a velocities oc R«— « oc D*-^ And there- 
fore the force a --— : and the contrary. 

[ibid. cor. 9.] Take. the arch B^ i finitely fmall, 
and let BF be defcribcd by the revolving body, in 
the fame time that a body falls from B to E by an 
uniform centripetal force, which it has at B; then 
(d is the fpace fallen in the time of defcribing Bd. 
But Cd or BnihEi: (as the fquares of the times, 

that 
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that is, as; B^ : BF* : : 1$ : 5?. But Bn =r ^«- 

BA BA 3* 

5^. Therefore BE =5^. And BE : BF : 
BA BA 

BA^. 

[ib. Schol. as the fquare of the length applied 
to the radius;] for, the number of refledions is 
oc velocity or length diredtly, and the radius reci* 
procally. 

fPr. 7. cor. 1. ill the fame periodical time] Let 4:; 
M be D to RP, and da || to PS. Then if the pe- 
riodic times be equal, the areas generated in a gi* 
ven infinitely fmall time muft be equal, that is, the 
velocities round R and S muft be reciprocally as 
(the J-'s on PG from R and S, that is, as; RP 
and SG. And fuppofing ^, c, i, to coincide in P> 
the force round R to the force round S is in the 
complicate ratio (of ^r to adj or) SG to SP, and the 
fquares of the times of deicribing a given arch» 
that is reciprocally as the fquares of the velocities, 
that is, as SG* to RP*. Therefore the force round 
R to force round S : : is as SG? to SP x RP% when 
the periodical times are equal. 

Or thus, let p be the place of the body when the 
tangent pg is || to the line RS. Then the veloci- 
ties round R and S, in the place ^, will be equal ; 
for the fmall areas are equal, and their heights are 
equal, by reafon of the parallels RS, pg^ Draw 
TV, tv^ and then by fimilar triangles Sp^ x pv^ = 
S^' XpP. And Sp^ X PVi =^ SG^ x PT^ Then 
by this prop, force round S, in P : force round S, 

inp:: Sp^Xpv^ or 3£JiI^ : SP* X PV^ or 

Sp 
SG' X PT' ^ 



I 



SP 
And force round S, in jp : force round R, in^ : : 
Sp : Rp or Sg. 

Alfo 
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Fig. Alfo force round ,R, in p :, force round R, in ^ : r 
4. RP X PT'. : R/>' xpr' orSg' X />/' : : « 'equo, force 
round S, in P : force round R, in P : ; RP» xPT» : 



SGL^,,SPxRP:SG'. 

[Cor. 3, in the fame periodic time] for then the 

. , ipfinitely (mail and equal areas will be defcribed in 

' equal'times' in P, and both thefe. ^reas and the 

forces will be the fame, as in a circle of the fame 

curvature with ,the orbit at P, and therefore the 

forces are the fame as in the foregoing Corol. 

;. [Pn. 8. Sch.] let ApD l}e an ellipfis, AP a cir- 

cle. . Then r» : R» : : (pm': ?m ::) an : Qn. And 

by divifion, ;jr : QR : : (?» : Q» : : ) CD : C A/ The 

force in the ellipfis oc ^ ^ reciprocally r: 

(becaufe jr = Qj^£D)V xCAxS ^ 

^ ^ CA / qrx<:d 

/becaufe Oil = J^) ^J!!t>i^ = (becaufe 
\ QR CA*^' CAxCD ' ^''^''*'*''' 

P^, = £fl2l£A^) !£^1^^ There. 

CD' ^ CD* 

fore <becaufe CA, Sp and CD are given) the force 
in the ellipfis is QC pm^ reciprocally. But in the 
hyperbolaand parabola (where CA is negativeor in- 
finite) thefe lines are ftill given, and therefore the 
force in any conic feSion is reciprocally as w;p^ 

OT* 
[Pr. 9. will be changed — ] that is -S — is every 

where the fame ratio^ viz. oc SP. 

(ib. fecond way.] for PV is (by reafon of the gi^ 
ven angle at p) as the radius of curvature, that is 
(by reafon of the (imilarity of the parts of the fi- 
gure PQ) as SP. 

[Pr. 10. fecond way. J\dd the reftangle »Pv.] 

fof Qt;» + n?v- <)v' + TP + TvxlP — Tv 

zzQv 
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= Qv' + TP* ^ Tv' = QT* + TP* = fqnarc of Fig. 
. the chord QP ; and FvXnV + n?v = VPv. 5. 

And if the line QV be drawn, and a circle thro* 
the points PQV ; the triangles PQv, and PQV 
will be fimilar (the <QVP being =: QPR = 
PQ'y), and therefore Pv : PQj P V-1. 

[Pr. lo. Sch. in the ratio of the diftances from 
the center] for the fluxion of the ordinates is aug* 
mented or diminifhed in the fame ratio, and that is 
as the force. 

S E C T. III. V 

fPr. 13, cor. 2.] For, in the demonftrations of 
Prop. II, 12, and 13, QT* is always equal to 
QR X latus reftum. 

[Pr. 16, cor.] The four firft corollaries are ge- 
neral, and agree to all conic fedions ; the fixth co- 
rollary belongs to one and the fame parabola. 

[ib. cor. 6, it is more variable] that is, m the 
dlijjfis, the ratio of the velocity at a lefs and greater 
diftance, is greater than the ratio of the fquarc 
roots of the greater and leflcr d^iftance ; in the hy- 
perbola 'tis' greater; for the ratio of the greater 
and lefTer perpendiculars (wTiich is the fame with 
.this ratio of the velocities) is greater than the ratio 
" of the fquare roots of the greater and lefler diftances 
in the ellipfis, iand lefler th^n it in the hyperbola. 
For in the ellipfls the perpendiculars in the »reateft 
and leaft difl:ances arc the fame with thefe diftances ; 
and in the hyperbola, the greateft perpendicular 
poflible is that from the focus on the aflymptote, 
and the leaft, the diftance to the vertex. Alfo (by 

/SP 

Conies) the perpendicular Sy QC ^rrs (^S* 3-) 

^ HP 

See Clark, (alfo cor. 7.) 

fPr. 17. yet greater velocity] then PH(and PK) 

will be negative. 

£ib. 
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Fig. [ib. cor. 2.] The velocity in a circle is zr re^ 
g, locity acquired by falling thro* iDS^ by the given 
centripetal force, 

S E C T. IV. 

[Pr. 18, 19, 20.3 two given points or right lines. 

f Pr. 20, cafe 4. But becaufe of the fimilar tri- 
angles VSH, vsb,] For (by fimilar a's SVP, sbq) 
SV :SV :: sb: sq: : (by fim. A*s, svb^ spq) sv : sp. 
And (by the fimilar A's SHP, sbp) SP : SH : : sp : 
sb i ergo SV : SH :: sv: sb-^ and the angle VSH 
^z psq zz vsb. 

[Fr. 21. three given points or right lines.] If 
three tangents be given, ypahave 3 points Y, from 
which 3 equal right lines as YH are to be drawn to 
H, by cafe 3d of the lafi: Lemma. If 2 tangents 
and a point JP, there will be given two points Y, 
from which two equal lines are to be drawn to the 
focus H, and a third point P, from which PH is 
to be drawn ; by cafe 2d Lem. In the hyperboldy 
it is PH — YH = SP. If three points P be gi* 
yen, it is done by cafe 1 Lcm^ 

? E C T. V. 

[Lem. 17. in 'given angles] each to each refpec- 
tively is the fame invariable angle, tho* they arc not 
all equal. 

[Len). 18. and fo (by fuppofition) — ] for p and 
i are in the curve, and the rcftangles of the lines 
from p and P are in the given ratio. 

[ib. Sch. if p happens to be in a right linel 
^ For if rpq :spi:: RPQj SPT. And P be placed 
in ^B 5 then by fimijar triangles pq : PQ : : (pB : 
^- PB : :) pt :,PT. And rp : RP : : (C/> :CP::)psi 
PS. And by multiplying you have rpq : ^PQj^ • 
spi : SPT •, which agrees with the Lemma. But 
if P is placed out of ;>B, as at ;i ; then becaufe the 

ratio 
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ratio £^ is greater than |p^ it is alfo greater ^^S- 

than !^1^ which is againfi: the hypothelis. 

If p is placed in DC, then rp^ will be = o, 
and therefore RPQ =: o ; and P will alfo be placed . 
In DC. 

[ib. If the two oppofite angles] The A*s PCR, 
PBT are fimilar, tor the angles at S and T are 
right, and C = B, being on the fame arch PD. 
Therefore PR : PC : : PT : PB, And the triangles 
PBQ, and SCP are fimilar, for the angles at S,Q 7, 
are right, and SCP = PBA. Therefore PC : PS : : 
PB : PQ ; and, ex equo, PR X PCt= PS X PT : 
and, e contra, if PR x PQ.= PS X PT ; the locus 
of the point P is a circle. 

And if thefe lines are not perpendicular, yet 
fince their lengths will be reciprocally as the fines 
of the angles, it will follow that PQ^x PR : PS x 
T : : fine of S X S of T : fine of Q^x fine of R, 
and the contrary. 

[ib. and one or two] If the point B be fuppofed g, 
to move towards A and at laft to coincide with it, 
fo that AB become a tangent at B, the Lemma 
will ftill hold. , Arid if B pafs beyond A, then the 
figure will be converted into this BECDEAB ; the 
Lemma will ftill hold as before. And if B move to 
an infinite diftance, then D*B, AB will be parallels ; 
and C alfo, then DC, AC will alfo be parallel •, and' 
alfo the conic fedion paffing thro' A and D, Will 
pafs on infinitely towards C and B. 

[Lem. 19.] This may be refolved as Prob. 12, in 
the Univcrlal Arithmetic. 

[Lem. 20.] Here is another figure relating to this 
Lemma (^fig. 9.) 9, 

[Lem. 21. Therefore Tby Lem. 2q) the point D] 
for the angles CPR, BPT, CPB are given, and 
therefore the lines^ FT, PR (to which the fides 

AQ, 
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Tig. AQ, AS of the parallelogram arc parallel) are gi- 
ven by pofition (fee fig. above). 
^ Here is another figure of Lem. 21. (fig. 10) 
^ * This Lemma is the lame with Prob. 53, of the 
Univerfal Arithmetic. 

11. (Prop. 22.1 This is the fame with Prob. 55, iti 
the author's Univerfal Arithmetic. 

[Pr. 23. cafe 1.] This is the fame with Prob. 56^ 
of the Univerfal Arithmetic, or Prob. 57. 

[Pr, 23. cafe 2. HA* will become to At*J for let 
» be a point in the conic fe£tion infinitely near a^ 
thro' both which the line ib paffes ; then ih is & 
tangent at a. Then (Cor. 4. Pr. 44* B. I. my 

Conies) it will be, bgd: bhd: : pgc : xby = ^^^ME, 

bgd 

and bna or ba^ : ian or w* : : xby or j - -P'^ 

bgd 

i i bbdxpgc : pic X bgd. 

12. f^^' ^^' — ^^^' ^^y the properties of the Conic 
' * Se&ions)] becaufe any tangent may be fuppofed to 

cut the curve in two points infinitely near each o- 
other, therefore (by Cor. 4. Pr. 44. B. I. EllipCs) 
thefe proportions follow* Alfo draw kw \\ to ga^ to 
interfcft pg^ and let nk"" zz tkw. Then tkw or 
»^* : bd" : : dkb : bhd : : kr"" : br\ And nk : ba: ; 
kr : br. And », r, a^ fall in one right line. A- 
gain, kfi" : go" : : kp"- : gp''. And kn : gn : : kp : £p. 
Whence ;;, /), a fall in one right line. And there- 
fore the points p^ r, a are in one right line. 

13. [Lem. 22. Thus any right lines converging! 
Let the lines be kg^ kb. Draw OB, O^D, and 
pe II to »B. Let w, q be the projefted points of 
J and L Then ( becaufe in the point B,OB =:: OD,) 
mn (or B« — Bm) zz fr. Alfo qp (or ^/> — eq) : 
^<? (or Vg — TJb)::0€:oD::AB: AD : :/r or 
i>i» : />^. Therefore j/^ iz ;»», therefore pn^ qm 
(which are the projeded lines oigr^ hf^) are parallcL 

[iU 
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[i|). we Ihali have the folution required} For the Fig, 
figute i^i fupppfed now to be given, may be tranf- 13* 
formed into the firft figure HGI, by making as Od 
to dgy fo is Oli to DG parallel to the radius AO. 

[ib. For as often as two conic fedions] For thefe 
conic fedions being transformed into iSmplcr ones, 
give the. point of inter feftion j and thereby is had 
an ordinate drawn from that point of interfeftion 
in 'thfe transformed euryes, correfponding to the in- 
teVfeftioh of the given curves. 

[Vr. 25^] LetKG,. KH be two tangents nxect- 14^ 
ing in K, yi( the third tangent mefeting If a in y. Let 
the lines KH, KG be projcded in ki lb ; and yi^ 
y9C into kly iby then'you have the parallelogram 
iikh^ then proceed^ according to the propofition. 

[ib. For by tKci^roperties of the conic feftions] 
by cor. 4t. Pr.. 44/ Conies L , , 

[ib. But according Wthe points] This is plain,. 15^ 
from the nature of the. ellipfis and hyperbola-, and 16. 
the fi^ire cannot be a parabola, by rcafon of two 
parallei tahge'nts Vi&'and kt. 

[Lem. Z3.] ThcLem. is univerfal, as will ap- 17. 
peaf by api)lying the demonftratioh to this fig^ 1 7. 
[Lem. 24, from the nature of the conic fedtipnsj 
by Pr. 4€. B. I. of my Conic Se^ions. 

£ib.. cor. J.] This Isolds as well when the tan- 18. 
. gtnt FG is on the at;her fide. .. 

[Lem; 45. alfo KH is to HL] by cor. i. Lem. 
a4vfor the tangents FH, LH cut the parallel tan- 
gents-ML, IK in F and K.. 

[Letti. 25'. cor. 2.1,,'j^his holds as well when qe 19* 
is on .the other fide of .the figure ; fpr^ in all cafes ,' 
(By cor. i .) KC^x ME is given wherever the point? 
Q,^E fall, as fuppofe inj, ^: for (by cor. 1. Lem. * 
247) Bq : AM or BK : : ^I : ^M. And by divifioa 
Kj: BK : : Ml ' eM. And Kq X ^M z: BK X 
Ml = (by the profi. ) K<i x ME i and KQj Me : : 
(K4:MK::)Qq: \Le. 
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Fig. [ib. cor. 3.] for fince eM : ME : : QK : K^. 

19. Therefore (by Lemma 23.) if the right lines eQ^ 
MK, and Eq be drawn, the points of bifedion 
will be placed in a right line given in pofition. 

[Pr. 27. Sch. defcribe the circle BKGC,] for the 
angle BKC (which is equal to the fum of the 
given angles PBK and KCP) is always given. 

[ib. and when thofe other legs CK, BKJ For 
it muft be obfen^cd, that when the lines BP, CP, 
touch the curve at an infinite diftance, that thefe 
lines are parallel to one another, and to the ailymp- 
tote. Then to know the pofition 6( the aflfymp- 
tote ; as the lines B*, Ck revolve round the circle, 
the interfeftion k will fometimc fall into the line 
MN, as at the point N, then BN is parallel to one 
affymptote. For the interfeftion muft neccffai"ily 
fall in the line MN. And for the fame reafon the 
line BM will be: parallel to the other aflymptote. 
And therefore if the angle between them be bifeft- 
cd by the line OH (which is done by the perp. 
OH), then that line is the greater axis, or p^lel 
to it. 

[ib. Sch. , But the fquares of the axes] For the 
angle NBM =: angle between the afl^mptptes ~ 
NLM, and NLH r: half the angle of theaflymp- 
totes. Therefore LH is to HN, as the tranfyerie 
to the conjugate. And the fquares of thefe axes, 
are as LH* to HN% 6r as HN* to HK% that is, 
as LH to HK. 
£0, [ib. There are alfo other Lemma's] For if the 
fedions are fimilar, and in fimilar pofition, and 
concentric', the tangent acb in c^ is parallel to the 
tangent dxe in Xj and therefore at the ordinate is 
bifefted in c the point of contact. 

[Lern. 26. cor.] This is the fame with Prob. 32, 
of the Univerfal Arithmetic. 

[Lem. 27. cor. in the conftruftion] for then 
IH:HF::(IX:XY::J/*:i&/. AndlH:HG: : 

(/L : 
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(iL : LM : :) ib : bg. Or,, if it be made as ih : :Fi^* 
LM : : IH : HG, it will be ib :bf::lH: HF; 20* 
therefore on the contrary, if it he ib: bf: : (/E : 
EV : : /X : XY: :)IH; HF. It wiUbe /L: LM t : 
IH : HG, which comes to the former conftrudtion. 
Forthcfolution of Prop* 22^ 23^24, 25, 26, 27; 
fee Prop. 70, 71^ 72^ 73, 74, yg^ B. IIL my 
Conie Seftions. 

[Pr. 29. SchO Make alfo KA to AS, and LT to 2 u ^ 
AT, as HG to GF, and draw MS, NA. Then 
the figures SAKM and ATLN are fimilar to 
FGHI, and fince three of the angles S, A, K or 
A, T, L are in the proper lines CB^ ED, DB ; if 
the fourth angle M or N, was in the fourth line 
EC, :the problem would be rightly conftrufted. 
Therefore it is plain, its place can be no whcre^ 
but where the line MN interfefts EC as at /, which 
is the place of the angle I. 

Now we are to prove that PQ cuts BA in / 
where F is to be placed. The triangle FGI is fi- 
milar to PE/ (by conftruflion), and fuppofe them 
fimilar to ^/*; then the triangles P// and Egi arc 
aHb fimilar \ for the angles at / are equal, and the 
fides, about thefe angles proportional; therefore 
the angle Egi :=. Ffi^ and fince goi =r Q^, oQf 
-_jor PQ£4»iU43e n fig. So that to have //^fimilar 
to FIG, PQF muftinterfeft E^ in Q, to make the 
<; PQE =: FIG, and the reft follows of courfe, 

SECT. VL 

[Pr. gOi Cor. i.l For the times are' as the afeas^ 
that is, as ^GH x AS to 4 X AS X 2AS. 

[ib. Cor. i. J For wherever the point P falls, vk* 
infinitely near A, ftill |GH X AS (::i area APS) 
ri 4AP X AS. And 8GH = 3AP. Therefore 
GH or the velocity of H : AP or the velocity of P 
: : 3 : g^ . But the velocity of H is every where 

B the 
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Fig. the fame, for alw^y^ 4.GH x AS zz area ASP; 
And GH OC ASt^ OC time of defcribing AP. 

[ib. Cor. 3. J For AP is the chord of a circle paf- 
fing thro* A, S, P i and whofe center is H. 

[Pr. 31* as GK the difference J For when F 
comes to touch the line GH, the point A will be 
diftant towards G, from the line FQO (which will 
then be -^ to GH) by the fine of AOR or AOQ; 
and is then at L j therefore GK =: arc GF .-- fine 
of the arc AQ. And GK is as the time, and fo it 
was in the conftruftton ; therefore the point P is 
rightly found, 
22. [ib Sch. butfmcel This is demonftrated in Keil's 
22. Aftron. leftures, pa. 289, 297 ; or thus. Let AON 
zzN. Since (AB : SH : :) OQ : OS : : 57.29578 : JJ. 
Therefore B = OS in degrees of the circle AQ. 
And fince (rad : fine of AOQ^: :) SO : SF : : B : P. 
Then will SF =: D in degrees. Let q be the true 
place of the body ; Q^ the aflTumed place. Now 
fince the time is as the area SAO := OAQ + SOO 

ZZ QA. 4- SF X — - » therefore the lime is as 
2 

AQ^+ SF. And therefore nearly as AQ + D, but 

accurately as Aq + SE. Take N^ zz d7 Now 

OE : OQ^: : (LE or SE — SF or) Ny + N^ or ^^ 

or Q^ — . }Q : Qq. And Q^ : Q^ : : QE : OQ, by 

compofition, and becaufe QE zz 0Q^± OE. But 

by conftrudion OQ zz 91.^. And rad. (R) : 

cof. of AOQ^: : SO : OF or OE, therefore OE = 
SO X cof. /^QQ^ Wherefore Q. : Qq : : (QE zz ) 

OS X L , so X cof. AQ 0<5 X L , . -- 
— R— t ^ : —^— : : i^ + col. 

AQ : L. But N — A0Q^+ D = (AN — AQ 
-h N^ =) Q^ Therefore Qq = E, and AOq = 
A0Q^+ Qpj = AOQ^-i- E, nearly, and there- 
fore 
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fore E is rightly found. And repeating the farheFi|j4 
work with thefe new angles, there will be found 22» 
the angles F, G, H, I. 23* 

[ib, the are^ AlKP will be given] by Prop. 87. 
tor. 2. and SchoL my Conic Seftions, B. II. Alfo 
AlKP := OPA, by cor. i. Prop. &6. ib. 

Alfo area defcribed :^ ASQ^rf: ASP + PSQ^ 
=3 ASP + PO X ^SN f nearly) iz A (by fup- 
pofition) therefore A, — ASP zz ^-SN x PQ.i 

and PQ =: i^JT J^, nearly. 

[ib* and by fuch computations. — ^But the parti- 24* 
cular calculus] with the radius i and center H de- 
fcribe the circle RSE ; and draw SP, Sp, HPT, 
H/>/. Let fall the perpendiculars^/, p«, upon the 
lines HP, SP ; which will be equal, becauie the 
angles^?/ (HPB), and/^P», are equal. 

Let the arch RT = z; Sine TQ^ = s, cof. 
HQ = y, SP zzy, HP = v, AOorOBrz^, SO 
or OH zi «, OD tz c. T ir mean anomaly, / n 
latus reftum. 
■ By fimilar fedors, HT (0 : HP (t;) : : Tf(z) t . 

pt or pn = vz. And the area ^l2i£!t zz^2^ zi 

2 2 

fluxion of BPS* But (cor. 2. Prop* 23, ellipfis) 
vy zz cc + — X PM% and (cor. 3. Prop. 72, ib,) 



cc 



HP or V =: — ££^, and rad (i) i PH.f — ^ V 
a + nx ^a + nx J 

t :S: PM = ffi^ y therefore vy =: cc + 

a + nx a^nx 

and area SP^ = Iccz + i^^ccssz _ ^^^^ ^ 

aa + 2^«:v &c. 
Tmcs^k _r^i££j±^ B^jt ,^ _ _^, and ^z iS / 

B 2 and 
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^'6- and fi = i/j therefore the area S?p = ^alz — 
24. a 

i22^_«]^J, and the fluent BSP = f^ - ^ 

XareaEHQT — ^; and qorredked, BSP = 
6aa 

^± + ^X area Rrq-Jl^. But RTQ = iz 
_ i^j. Whence BSP = ^alz + ^ X 4z_4.>f^ 

^»^ _ 2aa + nri j^ _ ttnk ^ ^ ^ ^^ ^nd 
6aa Sa aa 8 6 

dividing^ X >^ r + X "" * 



the mean anomaly. Whence zzzT + 



nn 



4aa+znn 



xS.aT + ^'^ X S.T\ becaufe T is tit^t* 

\y zz Zt and zxs = S.2T. But finde n is very fmall 
by fuppofition, zzzT + — X S.2T + — X 

S?f\ . Where the quantities — X S.2T, and 

^aL X STP' are fmall arches to be added to T. 
ia^ 

'* NowD=^— — = ilxtf — ^jandDx 
a a 

AO + OD :=:S^xaa^ cczz— rr nn nearly, 
a a 

becaufe c = a very near. Therefore s.Y : rad (i) ' 

: :nn: ^aa^ and s.Y or Y (in fmall arches) =: 

Jll ; alfo V : Y : : S T : rad CO, and V = Y x 

S.2T 



i: 

r 

r 
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S.2T zz— X S.iTy which is our firft term, or^'g- 
his firft equation. 

Again, S,Z : rad (i) : : 4»D or ^ x a — c: 

a 

3AO* or ^aa^ and S,Z zzf^x a^c. But ^+r 

X a — c zz aa'^cc = nn^ and 4 -^ r = J^^ , 

= ^ nearly, therefor^ S.Z = l?f x — = ~ 

2tf 312^ 2a 3^^ 

= H', nearly. Alfo X : Z : : sTt*: rad (i). And 

X = ZxS?f'=!!^X S?f', which is the feconcl 
3^* 

term, or his fecond equation. And when T is a* 

bove 90% then S.2T, and V will be negative, and 

<BHP=:T + X+V. 

He calls, Y or -^ the greateft firft equation, 

becaufe it is greateft when S.2T zz i, and T=:45\ 

And Z or £!L the greateft fecond equation, becaufe 

the greateft it can be is when S.T =z i, or 
T=:90^ 

SECT. VIL 

[Pr. 33, to AB the principal femi-diameterl this 
ftiould be 4.AB. 

[ib. cor. 2. J for the two firft terms of the prop, 
are in a ratio of equality, and fo the two laft* 

(Pr, 34. For Cby cor. 7. prop. 16.)] and cor. 6. 
prop. 4. 

[Pr* 35. The feme things fuppofed] to wit, that 
the fpaceXS is as the area SDb;. of the circle, ret- 
tangled hyperbola, or panibola. 

B 3 [P«. 



piff, [Prop* 37i as appears by prop. 34.] and con 7, 

?|.pr. 16, . _ 

[Pr. 38, acquire the velocity CD.] by prop. la, 
cor. 2, The periodical times of the ellipfis AD 
and AP are equal. The time of defcribing AP is; 
'(as APS, that ifs, as ADS or) as AD. Let the el- 
lipfis AP coincide with AC, and the time of de- 
fcribing AC will ftill be as AD. Further, draw 
cd (I to CD ; becaufe the tihie of defcribing the 
whole ellipfes AD^, APp are equal; therefore in 
equal times they defcribe areas which are as th^ 
whole ellipfes, that is, as CD to CP, or ADS to 
APS. "Wherefore in the time D defcribe AD or 
P^, P defcribes AP or Pp, and (when P coincides 
with CJ, C defcribes AC or C^ ; therefore the velo- 
city of D : to velocity of C : : is as Di : C^ : : or a$ 
SD to CD ; but SD and the velocity of D is given ; 
therefore the velocity of C is as CD. 

[Pr. 39. cor. 2, 3.] In thefe cor. the line PD is 
the fpace the body would afcend to, or fall from, 
(to acquire the velocity it is pYojefted with J by 9^ 
yniform centripetal force, according to cor. i » 

SECT, VHI. 

[Pr. 40. cor. I.] This is evident, by fuppofing 

ITK convex towards C. 

^6, [ib. cor. 2.I for by fluxions, let AC =rP. CD = 

A zz X. Then DG OC J^"""' (by hyp. and pr. ^g.) 

and PEFG n fluxion of the area oC s^^^x. And 

the area DCi&G OC — . And when x becomes n^, 
n 

the area ACbB CX £l. Therefore ADGB OC 



pn X" 

in 



And therefore by prop. 39, the velocity 
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in D, at the diftance A or :>(, is CC /£ll!Il^ or ^^' 

fbecaufe n is given, and ^= A) as x/P« — A". 

N. B. If the force is reciprocally as the diftance, 
the' curve BGb will be a reftangled hyperbola, to 

the aflyniptotes AC, Cb ; for DG OC -i- =:(fup- 

pofe to) M- . And DG x CD z= il?, which is the 

known property of the hyperbola. And the velo- 
city at C will be infinite, for the area AB>&C is^ in- 
finite. And the velocity at any place D is as the 
hyperbolic area ABGD, which may be found by 
Stone's Fluxions, p. 54; or by Cor. 2. Prop. 87. 
B. II. my Conic Seftions. 

[Pr. 41. — in the Trajectories found.] One be- 
ing given to find the other. 

[ib. given the circle VR] that is, CV is known. 

[ib. in the leaft given time,] thefe fmall parts of 
time are taken conftant and invariable. 

fib. and the triangle ICK] that is, the triangle 
will be invariable. 

[ib. and fuppofe the magnitude of Q,] This 
quantity is any conftan t quan tity, but unknown. 
Suppofein fome cafe ^/ABFD ±; ^ X IK, and Z 
= bx KN. And in all cafes (by pr. 40.) v/aBFD 

n ^ X IK ; and in all cafes Z or H, z=: i x KN^ 

A 

that is in all cafes Q r: ^ X A X KN ; which is 
plain, becaufe Q^and A x KN an- con ftant quan- 
tities, therefore if it be once v/aBFD : Z : : KI : 
KN, or * X IK : ^ X KN : : Kl :-^N ; it will always 
be fo. . 

In this prop, the line CE is indetcrmined ; and 
if Q Were known, the areas of the curves ^^2, and. 
acx might be known to any diftance CE. 

• . B 4 [ib- 
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Fig, [ib. cor. 3.] In fig. 4. Ne wt; Let CA z; a 
CV = r, CD = X, DF zzy, x^aa-^rr = n. 
Then the force DF being as JL, the fluxion of 

the area ABFD is Zl5, and the fluent as -L , 

and correft^d, the fluent is = ^""^ ~ area 

zaaxx 

ABFD. Therefore the velocity at D is as 5:5^5. 

ax 
Then, 

' I. Suppofe a infinite, and * = r, then the area 

X^T^BFD becomes ii^ = _L. And fince at V. 

ar r 

the orbit IV is perp. to CV, therefore IK = KN, 

and v/ABFD = Z = 9, that is, -L = 2:., and 



X r r 



,Q = i, and Z= i:; alfov'ABFD=^fZf^ 



* ax 



a X 
= — = — at any place 1, and fince v^ABFD 



ax X 



(-7) = Z {^) : : IK : KN i therefore TK=;KN, 

and IN = tf } therefore in this cafe the orbit is a 
circle, asVXR. 

2. If a be lefs than infinite, and fince at V, the 
orbit is perp. to CV as before, therefore 1K=:KN, 

and v/ABFD = -^, that is, "{^^EL = ■?, or 



'* ar r 



Z = ^; and Q :^ -. Whence ZzzZ. There. 
^'^ '' a ax 

forcD^=-y > ' . _ » / ^'^^ - 



«x 
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and flux of the area YacD = = fluxi- 

2X\/rr — ^xx 

on Of the fcftor VCX, and the Fl. ^^^ 



2Xv/rr — xar 
= Scftor VCX, which is as the angle VCX. 
But, putting femicoajugate = r, CH = Z, the 

hyperbolic feftor VCR = Fl. : — ^ ,andCT 

^vzz — rr 

= ^ =: X, and zzz^. Then inftead of % and 

z X 

&, putting their values ; we (hall have the hyp, 

■■ »tr cx c 

feftor VCR =, FL : , = t7 X cir. feftor 

2Xv/rr— XX R 

VCX. Therefore when x zz CT, the hyp. feftor 
VCR : cir. feftor CVX \: c in\ that is, becaufe 
the angle VCX is as the feftor CVX, the angle 
VCX is to the hyper, feftor VCR in a given ratio. 
And fince CT or x continually^ decreafes, as the 
feftor VCR increafcs, the body P ,draws continu- 
ally nearer the center C. 

3. If the velocity be greater than falling from 
an infinite height ; the flux area ABFD = 

lt£, and the fluent .mi . But at firft the area 
x^ ixx 

(fuppofe) zz — , and x = ^ an infinite line \ there- 
fore ABFD — *^ =: J ^J-, and ABFD = 

2 2aa 2XX 

H ^ xx-^ Therefore v/ABFD is as 
2 2aaxx 

Jbbaax.^x>c-.aa^^ fobftitution) /fffTfi. 
V aaxx •* aaxx 

But 
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^*|' But in V, * = r. and ^ABFDzz / J^r-gg _ 

^, and O - ^^^-^^ .„^ 7 -Q-^ -y/jrr^^/, 

^ y» V 



Theii D^ 1= 



x/jrr^^aa /srr> — aa 



V 



2a, 



Isrr^ — i 



aaxx aaxx 

A* 



X - y = (by fubftitution) — ■' . and 

Wxx—rr ix^xx—rr 

^^ "= "^ ^ °^ = 2 ; ../-^^= ' therefore 
XX ^'fy/xx — rr 

—7= = flux, area VacD, or of VCX. And 
^>-vxx — rr 

the FI. : — ■^= =z fedor VCX, tirhich is as 

2X^f(j( f^f. - 

thean^leVCX. 
J7^ But in the ellipfis VRS, let CH = 2, femicOn- 
jugate = c. Then the elliptic fedor VCR = Fl. : 

■ — 7s==.j and CT zi — = ^, and z-zz - — , 
'^Vfr—zz a X 

and ^ = Then putting for z and ij their 

XX 

CTTX 

values, and the elip. feftor VCR n Fl. : : — t — r 

%oi\/xx—rr 

.. = 4 X cir. feftor VCX ; therefore when »z:CT, 
A 

the >ellip- feftor VCR : cir. feftor VCX ; : r : A ; 
that, is, becaufe the angle VCX is as the fedor 
VCX i the angle VCX is to the elliptic feftor VCR 
in a given, ratio. And fince CT dr at continually 
increafes, as the feftor VCR increafes, the body 
P goes continually further and further from the cen- 
ter C. 

[ib. and the Centripetal Force becoming cen-. 
trifugal} tor then the curve VPQ will turn up- 
wards 5 
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^ird$; and the la>V of the force being the fame. Fig, 
it will be conftruftcd the famt Way by the elliptic 27. 
fedtors ; taking the point A between C and V. 
And here the velocity will increafe^ as it recedes * 
frbni the center C. But it jcan never revolve round 
this center, 

S fe C T. IX. 

[Pr. 44, or in ahtecedentia with a celerity] for 
then the line fnnC falls beyond /, sr being = ri^ 
• and sCk zz 2rCk ; and confequently the point m 
falls without the circle. 

[ib. and with a lefs force] if the orbit moves 
flower in antecedentia, than with twice the celerity 
of CP in confequcntia 5 for then the point m falls 
within the circle, between r and s. 

The meaning of this Prop, is this, that the dif- 
ference of the forces at different diftances from 
the center, are reciprocally as the cubes of the dif- 
tances (which forces are requifite to make the body 
move in a quiefcent or revolving orbit ; and the - 
diftances to be the lame in both.) 

[ib. cor. I.] For mn reprefents the difference of 
the forces by Which p revolves to », or P to K in 
equal times ; and the verfed fine of RK reprefents 
the force whereby a body moves from R to K in 
the circle, hi the fame time. 

[ib. cot*. 2. as half the latus redlum] for thefe 

forces are as in or ar tx) ip or as. But arzz — =— . 
. ^ , rD «D 

And as D : Jd» : : cD : aR ; &nd as D = ^^* ^ "^ 

2R 

_ah'xaT) „„^ ^^ _ ah" y.aV> _ ah* ,,„ 

= — -TT — i and as = -— _ = -_. Whence 

2R jDx2R 2R 

thefe forces are as — to _-f», or as R to 4C or CV 

«D 2R 
in fig. 2. pi. 18. 

[ib. 
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Fig. [ib. cor. 3.] Fqr let the force ift the immove: 
*7« able dlipfis be ^, and in V it wiU be EEI or 

FF 

~- . And the force by which a body may revolve 

in a circle at the diftancc CV is 1^ . And the 

difference of the forces in V (of revolving in the 

. moveable and immoveable ellipas) is ^GR— '^FR* 

and m every altitude A is ^GR— FFR ^^ ^ 

A» 
force in the moveable ellipfxs will be ^^^ + 

RGG—RFF. 
A» 
[ib. cor. 4.] After the fame manner as in the 
two foregoing Corollaries ; becaufe when the velo- 
city is^ivcn, the force « curvature or reciprocally 
oc radius of curvature i therefore T : R ; : ^^ 

RVFF 
• ■ x» • * ""^^^ '^ the force wherewith a body 

may revolve in a circle at the diftance CV. And 

by cor. i. FF : GG — FF : : ^^^^ : 

RVGG— R VFF .... ^ ^.J^* 

^, , which IS the difference of the 

forces (in the moveable and immoveable orbits) 
in the vertex, V. And by the prop. -L : JL : : 

RVG G-RVFF . RVGG-RVFF ^! /^! , 

Xj " "Ti ' ^™<^n w the 

difference of forces in every altitude A j and there- 
fore 



B.L THE P R I N C I P I A. 



29 



I 
I ^ 

t 



I I 
I 



fore the force in the moveable trajeftory upk will 27. 

A' 
[ib. cor. 6.] In this cor. X = #, and RVGG — 
RVFF is compounded of all given quantities, arid 

the force in V^* will then be oc -L, This alfo ap- 
pears from the Prop, for the difference of the forces 
in P and p is as -L-, but the force in one of them» 

viz. at P in the line VP is ; and therefore the 
other force in Vfk is the difference of the forces, . 

and is as --— • Alfo this curve is the fame with 

that in cor. 3. Pr. 41. for let vad be a circle ; and 28. 
by this cor. 6,<Zvcp ok <vcz oc arch va oc area 
'oca oc area vcb, which is the conftruftion in con 
3. Pr. 41; zMocp zzczovcx^ becaufe vz, ax^ and 
bx are tangents, which b alfo the fame conflruftion 
as in cor. 3. Pr. 41. 

[Fr. 45, but orbits acquire the fame figure] Let jg^ 
the fmall parts of the curve J/, /&, bp^ *&c. be ^* 
defcribed by a body A in indefinitely fmall given 
parts of time. And let another body B go from 
D in the fame direftion de^ and with a velocity 
which is to the velocity of the former in the fub* ' 
duplicate ratio of the centripetal force of B to that 
of A i and let it arrive at s in the aforefaid fmall 
given part of time. Now fince ef\rs\ vioxzt of A : 
torce of B : : velocity* of A : veK* of B : : ^^* : 
Jr* : : fquare of the time of B's moving thro* V^ : 
fquare of the time of B's moving through dr^ 
Therefore, by Lem. 10, the body B will pafs thro* 
/• And fince rs is every where as rJ', it is evident 
the fame curve ^j/will be defcribed by both bodies, 
and which defg touches in J,/. Alfo the velocity of A 
in/*: vcl. of A in ^: : as perpendicular from C or ^ 

dc : 
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Fig. di: to J- on fg : : vel. of B in/: vcl, of B in i. 

. 29^ And vcl. of A in/: velocity of B in/: : vel. A in 
d : vel. of B in D : : ^if : ^/r i that is in a given ratio 5 
that is^ : to/fe, and bn to i&/, and px to />/ arc in 
a given ratio 5 and therefore when A is arrived 
at^, B would be at ky and fince gh :ki: : gf". kf"- : : 
ed'' :rd^ I :ef: rs'yor gb : ef: : ki : rs', that is, the 
centripetal of A' to that of B at equal diftances 
being in a given ritio, B will pafs thro' /, and con- 
fequently thro' b. After the fame manner it rqay 
. be proved, that the body B will pafs thro* the points 
«»t p3 «» yj and defcribe the fame curve with the 
body A. 

Further, if another body D move thro' Br || to 
dej and with a velocity which is to the velocity of 
A as CB to Cdj and be afted upoq by a force which 
in the points |3, eJ', Zj &c. is to the force in the 
points di /, by &c. refpeftively, as C^ to Ci, 
a to C/, Cz to Cby &c. Then I fay the purvc 
defcribed by the body D, viz. jSfe^w will be fio^ilar 
to the curve dfhpy ; for in the time that A wouW 
arrive at ^, D would arrive at y ; ^nd becaufe 
Cy : Ce : : CjS : Cd : : force at |3 : force ^t d :.: 
yi : efi iCr — yS ovQiiCe — ^ or C/; and C|3 : 
CS : ': Cd : Cfi y^ is every where as y^* in all the 
points between (3 apd y (by Leni. 10.) it is mantfeft 
the fig. C^^ is fimilar to the fig. C4J\ and thp tan- 
gent h II to /^ i and becaufe the areas Cgf : Cfii : ; 
dy : CJ}3 5 wherefore when A comes to gy D comes 
to f -, but^^ : £z:: C/: Ci : iCgtCs : :Cb : Czy as: ' 
before ; and Cf i Cb : : d : Czf whence the fig. 
Ciz is fimilar to Cfb ; and ^fter the fame manner 
it will be proved, that the nafcent figures Czcpy C^«, 
are fimilar to Chp, Cpy ; and therefore the whole 
figure {ioZ(pu is fimilar to the figure dfbpy. 

Or univerfally, if the orbits (ii^y and djp are f^- 
Ifiilar. Ci3 OC y«^ CC force X time' of defcri- 

bincc 
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bing ^i OC force x -i^ CX force x— ^^,-^'^8f 
^ "^ velocity velocity* 30* 

Therefore velocity* a force X diftance Cj3. Whence 
if Cl3 be given, velocity oc v^force ; and if velo- 
city OC Cj3, force OC CjS alfo, which agrees with 
what went before. If the force be given, velocity 

OC \/Cp- If velocity be given, force oC — i— 

[ib, Ex4m. i,L 3.] hereT--3TTX+3TX*^X^ 

is twice repeated in the Englifli, which is wrong. 

[ib. By this collation of the terms] for fince the 
fame figure will be dcfcribed by making the cen* 
tripetal force proportional at equal diftances (alter- 
ing the velocity in the fubduplicate ratio of the 
force) ; and fince, when R is nearly =: T ; and x 
very fmall, the centripetal force in the revolving 
dlipfis will be as RGG -- FF;v, and in this orbit 
(becaufe in both, the denominator A' is the fame) 
is as T» — 3TTX, therefore thefe forces ought to 
be proportional at all difl:ahces, viz. when x zz 0^ 
and any other indeterminate diftance A pr T — pc j 
wherefore (in thele two cafes) RGG : T? : : 
RGG — FFjc : T^ — 3TTX : : (and by divifion) 
FFx : jTTx : : FF : ^TT, which is the conftruc- 
tion of the problem. After the fame manner in 
example ^d, the centripetal force in the revolving 
cllipfis, and this new orbit, will be as RGG — FFx, 
and T»— '» T«— ^;c, and to have the orbits fimilar, 
putting X -ziOy RGG : T» : : (putting T — x for 
any indeterminate diilance) RGG — FF;^ : T* — n 
T«->y : : (by divifion) F¥x : «T«-'x ; : FF. : 
»T«— '. After the fame manner in Examp. 3, it 
will bz RGG : ^T'« + ^ T« : : (RGG — FF;f : 
bT^ + ^T« — • ml^V-'x — ncT'-'x) : : FFx : 
mbT'^-'x + ncT^-^'x. Or GG : bT^^— + rT«-^ 
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^'g- : : FF : w^T— « + »fT— '. The quantity J!E. 

, RGG— KtF /• \ • ' • /. ,• 

+ — (xn cor. 2. pr. 44.) is univerfally 

as the centripetal force, whether the apfides move 
backwards or forwards, for G : F : : VC^ : VCP : : 
(p. 180.) pCn: pQk. And the force in the revolv- 
ing ellipfis is greater than in the immoveable one, 
when n (fig. 2.) is without tht line ks ; and in that 

cafe (F is lefs than G, and; + RGG~RFF ^.jj 

A» 
be affirmative. But the force is lefs when n falls 
between * and j, for then (F is greater than G, 

RGG— RFF . . -. I . 

and) + — is negative, as it ought to be. 

A' 

SECT. X. 
[Pr. 50. it is evident from the conftruftion] 
Since VP touches the icurve in P, and PB is -4* 
thereto, therefore B is the point of contact of the 
circle AD, and the wheel or generating -circle, and 
therefore BV = AO. Alfo fince WT is J- toT'V:, 
therefore V is the pointof contaftof the generating 
circle (whofe diameter is VW) and OS, whence 
VW = OR. The figures are fimilar, becaufe their 
axes are as the radii of the fpheres. 

[Pr, 52. hence fince in unequal — ] fuppofe TR 
30. to be a fmaller ofcillation, to find the velocity in I ; 
take J/ : SR : : Tl : TR i then velocity at R in the 
arc TR : velocity at R in SR : : TR : SR -, and 
velocity at I in TR : velocity at R in TR : : 
(Prop. 51 .) velo city at / in SR : velocity at R in 

SR::;VSR* — /R* : SR. And gy^gg ^ velocity at 
I in TR : velocity at R in SR : ; TRy^SR* — ^7r^ 

SR* : : I^v/SR^ — tK^ : SR : : (becaufe SR : 

TH : : /R : IR as) v/jR* — IR* : SR. 

[ib. 
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' fib. There are obtained from the times given] Fig, 
for in two unequal arches, two correfporiding parts 
are defcribed in equal times jfby Prop. 51.) there* 
fore the velocities in thefe points will be as the en- 
tire arcs; and therefore both the velocities and 
arches will be known. 

[ib. And if the abfolute force of any globe] that 
is, the force at a given diftancc be called V ; then the 
force at the diftance CO is CO x V. But in a given 
time, HY is as the force 5 whence CO x V is as 
HY, and therefore HY is defcribed in a given time. 

[ib. cor. I. For this time] for then AR = AC, 
and V is given ; therefore, this time : time of 4 

ofciUation : : /4£ : /^ : : 1 : /^. 
^AC ^AC VAC 

[ib. cor. 2. But in that cafe] for (in fig. 2. pi. 19.) 

by cor. i, 2,pr. 49. AS : B^y : : PS : PV : : 2CE : 

CB (in this cafe as) : : 2 : i : : (and by divifion^ 

AP:BV — PVi whence AP = 2BV~ 2PV J but 

verfedfmcof 4PB z= 5Xzl£Y, forcofine=4PV; 

2 
and iVB — -^VP ir verfed fine. 

[ib. as M. Huygens] all this is demonftrated in 
Keil's Philofophy. See my large book of Mecha- 
nics, Prop. 40. cor. 4. 

[Pr. 56, let the projcftion] T is projefted into 
P and / into />. 

[ib. as alfo its pofition] The greater axis 2T/ 
is perpendicular to PO. v 

[ib. and fince the area PO/)] for let !!I^.2S? =sp, 3i* 

which is given (sp being -i- toPO); and PB* : 
Pr* : : PB* — SP* : PS* ; whence Ps is given^ and 
thence SO, the angle POp, Op arid P/>, the pomt/, 
and angle OP/>.. 

SECT. XI. 
[Pr. 57, and about each other] confidering ei- 
ther body as at reft. 

C [Pr. 



i 
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Fig. rpn ^S, by the fame forces there may be 6t(- 
cribed^ &c.] that Is, by making the velocity to the 
former velocity as (v^Ja^to v/CP, that is as) ^/P + S 
to v^S, as appears by the Prop* 

[Pr. 60, in a ratio fefquiplicate] it Ihould be fub- 

feiquiplicate« ^ 

[ib. of the othe r ellipfis,] As S4 2 S + P^, Let 
Si:tf2^:ST7Hc'ff. Th en SI ; S + P^ : : 
{S:a^::)e^iS + P. But (fince S + P:e^ ::a^vs) 
^ is the flrft of two mean proportionals between 
fi + P and S. 

[Pr. 61 .] Note, if a b6dy were placed in the cen- 
ter of gravity, and whofe force would be fufficieftt 
10 caufe one of the bodies to revolve around it, and 
to defcribe the fame figure *, yet it would not caufe 
the other body (if it were unequal) to defcribe its 
figure, except in that law of centripetal force, which 
is as the dtftance where the periodic times are all 
€qual. For, to preferve the fame motion as be« 
fore, either body muft be attradted to the body in 
the center of gravity, with a force which is as the 
other body, or as its own diftance, which is the 
cafe of one body attra&ing another ; and holds cHi'- 
ly (in the cafe of their t^ing attraded by a third 
body in the center of gravity) in the law of cen- 
tripetal force before-mentioned. And therefore in 
( Pr. 62.] The foregoing note is to be obferved. 
[Pr. 64. This would be the cafe] For this only 
caufes the bodies T, L, to revolve more fwiftly 
round their center of gravity D, but afFeds not the 
other bodies. 

[ib* with equal periodical times,"] By the fore- 
going (in the three bodies S, T, L) the body S 
defcribes an ellipfis round C ; and, by confidering 
the center of gravity of S, T, as dcfcribing an el- 
lipfis ("as before of T, L,) it will appear the fame 
way that the body L defcribes an ellipfis round C 1 
Hnd as the center of gravity of S, L, defcribes an 

ellipfis. 
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ellipfis, fo T defcribes an cUipfis alfo, round C.Fig, 
Further^ ftom what went b efore^ the centripeta l 
fo rce of S tow ards C, is as T +L x SC + CD> 
or T + L -H S X SC. A lfo the centr ipetd force 
of T towards D, is as L xTD + DL + S xTD 
(which latter part arifes from the refolution of the 
force ST into S D, DT, and DT afts towards D;, 
or as T+L+S x TD. Now by cor. 2, 8. pr. 4. 
The periodic times are in the filbduplicate ratio of 
the radii dircftly, and the fubduplicate ratio of the 
forces inverfly : therefore the periodic time of Si 
round C : periodic time of^ T, round D : : 
/ SC / TD 

^scxtTl+s ' ^tdx1n:l:;s' ^"""^ ^'"^ 

therefore equal i fo that after one revolution, the 
bodies all return to their firft places. 

After the fame manner the point C, and a fourth 
body V, as alfo the bodies S, T, L, will dcfcribe 
cUipfis rousd their common center of gravity Bj 
fpr any one, and the center of gravity of the other 
three will defcribe ellipfes ; and the cafe is the fame 
if. there were more bodies. Alfo, as before, and 
by a like refolution of forces, fince the forces VS^ 
VT, VL, are refolved into VC, CS ; VC, CT ; 
VC, CL ; the former adling in the direftion of CV 
towards V, the latter to C their center of ^avity ; 
and arc as the diltances of the bodies therefrom, as 
before ; they will therefore ftill move round their 
center of gravity C as before, but fwifter, ahho^ . 
all the four revolve round B. Alfo periodic time 
of V round B : periodic time of S round C : : 

/ BV / SC 



S+T+LxCB+BV ^ T+i.xSxSC+VxSC 

/ BY 

(that is, as) ^ 



J. 



T +.L -hS -f V X BV • 

SC 

; and are therefore equal j 



T+L+S+VxSC 

C 3 4rtd 



't> 



36 AC O M M E N T OK 

Fig and if more bodies were added, all the bodies 
would perform their revolutions in equal periodic 
times. ^ E.D. 

[Pr. 66. cor. 2. Such is the force NM.] This 
force always afts from P in a direftion parallel to 
TS, and from M towards T. 

[ib. cor. 6. the periodic time will be increafed,] 

for then the periodic time is OC -77—^ > which Js 

'^ y/lOXQt 

a greater ratio than Rad 1^, becaufe the force is di-- 
minifhed. 

[ib. cor. 7. the upper apfis to go backwards] for 

!!. 3 >• — 2. And -~ i> I i therefore » is > 

w* fn"- ^ 

than m. Alfo put D ir. diftance (r = a given quan- 
tityO and the force is ^ -^ , or rather) as 

j^, , I , and when the diftance increafes, the dc- 
treafe of the force is D* + ^, which is lefs than 

D* + — , which is the decreafe according to the 

duplicate ratio. Alfo at the conjunftion, &c. the 
force of P towards T is, the centripetal force of 
T + LM — TM, or the centripetal force of 
T — KL. Alfo the decreafe of the force is as 

rf' •— -1 , which is greater than d^ — — , or the 

d d 

decreafe according to the duplicate ratio. And 

— 3 <; — 2 ; and n <ifn. 

[ib. cor 7. The truth of this] for then the fur- 
ther P recedes from T the more it is atlradled to- 
wards the bodies S, S, and cheretore lefs towards 
Tj than it would otherwiie be. 

lib. 
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[ib. cor 8. when the apfides are in the fyzyges j Fig. 
for then NM is greater, and LM lels, than be- 
fore. 

[ib. cor. 9. Now therefore -7-] For the ratio of 
KL to LM is leaft when th^ apfides are in the qua- 
dratures, and greateft in the fyzyges. 

[ib. For the forces LM] as is fliewn in cor. 7. 

[ib. cor. 10, .from the fyzyges to the quadra- 
tures] for after the fyzyges, the body P by the ac- 
tion of S, is nriade to move in lines which fuccef- 
fively cut the plane TPS at greater and greater anr 
gles. And for the fame reafon at the go° from the 
oftants (between C and A), the body is drawn in- 
to lines (or little planes) which cut TPS at greater 
and greater angles, which before 90° cut it at iefs 
and Iefs. 

[ib. and by a like reafomngl for the inclination 32. 
. is increafed from u to D, diminifhed from D to S, 
increafed from S to C, diminiflied from C to « ; as 
is plain by fuppofing T and any point p wherein 
the body is, to be joined -, and the plane pTt to re- 
volve round />T, till it pafs thro' the new place of 
the body f , (which it Requires either above or be- 
low the plane pTt^) by the (aftion of b upon it, pr ' 
the) force NM ; and then it wJU appear, how that 
new acquired plane c\i(Q the plane SCT, whether 
in a greater or lefler angle. 

[ib, cor. II. — from the former plane CD j Since 
the inclination of the orbit is digiiniiTied from C 
to A, the interfeftion with TSE will move from C 
to B, and from D to A ; and feeing that inclination 
is increafed from A to D, the interfedion (or nodes) 
'will ftill move towards B and towards A. 

fib. being always either retrograde] thatis, con- 
fidering a whole revolution •, for in fom.e points 
they go forward. . * 

[ib. cor. 13. And fince the caufes and propor- 
tionsj to one another, and to the force of S, &e. 

C 3 [ib. 
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Figr [ib- cor. 14. But fincc the forces] For SK : LM 
°' : : accelerating force of T towards S : pcrturbating , 
force of S. And therefore the pcrturbating force 
LM X accelerating force of T towards S 
pf S = ^ -gg 

But fincc SK =: ST nearly, and LM (in its mean 
quantity) = PT. And the accelerating force of T 
towards S, is as the body S direftly, and ST* re- 
ciprocally i therefore the pcrturbating forces LM, 

NM OC ^-^1^3 that is. QC 

PTxi*?!^^^ 3-. OrOCPTxdenr 

p periodic time of T round S 
fity of S X cub. apparent diameter pi" S. (for the 
apparent diameter is as the real diameter diredly, 
and the diftance reciprocally) 

fib. cor. 16, fquare of the periodical time of the 
body P conjunaiy.] This holds as true in the fy- 
nodic time of the body P, (fincc the aftion of the 
forces that faufe thefe errors begin and end at the 
quadrature*, which comes to the fame, as if they 
bcaun and ended at the fyziygcs) fee what fiallowB. 

fib. and hence the angular errors] thefe in one 
revolution are as the linear errors dircftly, and die 
radius or diftance reciprocally, that is, as the forces 
and fquare of the time of revolution of P, direa^ 
ly, and the diftance TP reciprocally ; that is Cbe- 
caufe the "force OC TP) as fquare pf the time of 
revolution. 

[ib Let thefe ratio's] The angular errors of P 

pbfcrved from T are as !2!:££i^H!Il£l, that. is (by 

,or. 14.) ^ PTxbodySxtimel ^ ,^^, .^^ -^ 

^ ^ ^ FT X D T -s periodic time 

the time of one revolution of P (and if S be gi- 

. • D time of P's revolut ion^ 
^^" ■ * D periodic time of T 

' [ib. 
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[lb. both th^fe motions will be 41 the periodical Fig. 
time of the body P, dircdlly,] for the angular mo- 32, 
tion or velocity, or the mean angular errors, are as 
the fum of all the angular errors in any time di- 
reftly, and the time reciprocally 5 that is, (in the 
periodic time) as 

body S X D time of P's fevQlutiop 
time of P*s revolution x d periodic time' of 1^, 
that is, as body S X time of P's revolution diredly, 
and the fquare of the periodic time of T, recipro- 
cally. 

[Con ZQ. And thence the greatcft height of the 
water] This is explained by Worfter in his (Ex- 
perimental) Philofophy, page 72. Alfd fee my 
Geography, Prop. 12. SeA. I^ 

SECT. XII. 

[Pr. yg. As the lineoia D^,] when the radius of 
the fphere is given 5 and when the radius is not gi- 
ven, as Dd and the radius conJun6tly; therefore 
AS, and alio PS or PE, may be of any magni- 
tude. 

[ib. the fum of all the reftangles PD x T>d] that 

is,as^±I£xDF, orE!l±Z2x PF^PD. 
2 2 

PF*^PD\ 

or . ■ :■ ■ .■> » 
2 

[Pr. 80. The whole force of the fphere will be 
as the whole area ANB.] Alfo it is manifeft, that 
the attraftion or force of any part of the fphere 
FEB, is as the correlpondent.part of the area 
DNB. 

[Pr. 81. Ex. I.] The area SL into AB =: SL 
X AB, becaufc both SL and AB d^ given. And 
the area LD into AB is a trapezoid, whofe bafe is 
AB, and the two parallel fides LA and LB ; for 
^ the point D removes nearer A, the ordinate LDt 

C 4 decreafc5i 
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Fig.dccreafes (from B where i t ts LB ) to A, Cwhere it 
3** 15 LA) i and that area is LA + LB ^ ^g^ 



or 



»-* + "xi:B:rrA,thati,,^«--^A 



2 ' ' 2 ' 

or a is ^^^ "^ ^° x AB, that is LS x AB. And 

2 ' 

ALB 

the ordinate - , is the ordinate of an hyperbola 

JLtjLl 

between the ^(Tymptotes, whofe center is L, and one 
affymptote LB ; for ALB is a given reftangle, and 

the nature of the hyperbola is that ^ , (LD the 

part of the aflymptote being taken as the axis) is 
as the ordinate created on D ; whence, the reafon 
of the confirudlion will be evident; tor ^AB^ is 
the aforefaid trapezoid, by conftrudion ; alfo in the 
hyperbola ab^ the redtangle LB x B^ is given, but 
that (by conftrufiion) is zi the redangle ALB ; 
when the hyperbolic area tfAB^ is that defcribed ' 

AI B 

the ordinate ■ , . And the difference of 

LD 

and the trapezoid (which is the difference t 
two firft areasj is the area aba required. 

[ib. Ex. 2. the third — ?^^ this is , 

calculated by fluxions, LD is a flowing qusfej 

the fluxion of the area is ^^itL^xLO-* |l 

And the whole area is ^^^ ^ ^^ x LD-S t^^ 

ALB^ orCwhenLDlL) ^LB xSI ;- 
•^2LD -^2LB 

this take the area ("when LD =; LA, 



i 
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ALB X SI^ ^^^ the difference is the area fought ^'S- 
, — 2LA 
ALB )< SI ALB k SI 

2LA . 2LB 

[ib. Ex. 3,3 The fluxion of the firft area js 

—7= — xLD— IxLf), and the whole area is 
V 2SI 

2SPxSLxLD-4 2SPxSL , . 
T== ' > or 7=? — 7r^> ai^d that 

r u At> • aSI'xSL 
part of the area on AB is > — ■ x 

The fluxion of the fecond area is 



v/LA v^LB 

SP ■ . ^ 

X, LD— i X Li) i and the whole area 



2\/2Si 



SP SP 

r= X LDi, and the area on AB is 



y/isi ^ v^isi ^ 

%/LB -^ v'LA. Alfo the fluxion of the 3d area is 

SP X ALB T T-. S T • J . 

— ^3=1— X LD-J X Ld } and the whole area 

2\/2SI 

SP X ALB _ T r, , , . . „ . 

X LD-I ; and the area on AB is 



> ■r-3v/2SI 
^ SP X ALB 

;==- X 



I 3/251 v/LA' >/LB' * , 

\ [ib. And thofe after due redu<5tion] LA, LF, 

i LB are '^ ; for SP =: ^. PI := ^ _ SI. 
, ^ -^ Si SI 

' I C A* CIS 

I LI = ^/ . AndLA = PS — AS~LT= 

2ol 

'. SA* + SP SA* + SP 

~ SA. And LB = 7. \-SA. 

2SI 23l 

-• But ^J^E, ^ SA : SAlr-Ji: : ^^L±E. + 

2SI 2i)l 2i)l 

SA, 
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Fig. SA, are fj , as wijl appear by multiplying rfiem; 
Hence v/'LB — v^LA = v^iSI. For 2^/LBxLA 
= 2S1=2LS--; 2SI=LP+LA— 2SI. A»dLB+ 
LA — 2v^LBxLA = 2SI;. And (by Evolution) 
»/LB — v/LA = v/'aSI. Therefore die firft area 
, zSPxSL v/LB-yOA ^ gSP X SL 

(- v/^SI ^ v/LfexLA > ~ O • 
An d the fecon d ar ea = SI\ A nd v/LB'-VLA* 
( = LB+LA X v/LB— v^LA + v^LB X y/AlM 
— v/AL Xy/ALB = zLSxy/zS I + y/ALB x 
*/2SI =: 2L5~+ LI X y/aSI) = 3LI + 2SI X 

CT» V AT R 

4/2SI. Whence the third area = °* ,^, X 

____— ^r ^ 
^/LB»>-v/LA» _ SPxgCl + aSl _. gj* + 

y'ALB* 3v/ALB = 3LI 

SLI' , . r 

[Pr. 83. let us fuppofe] it fliould be, let that fu- 

pcrHcics be not a purely, Spc. as it is in the original. 
SECT. XIII. 

rPr. go. cor. i, 2.] for the fluxion of the aeea 

D»-» I J 

is as I>-«D , and the area as Z or as—-— ; an* 

I— « U" — • 

the area ALIH, as 



PA—' PH—' 
[Pr. 91. cor. t. And the other part ~^J 

PF 



III for 



the fluxion of that area is = — -^ X Pf .^ 

^^ X Pf = RF'— PF~^ xPFxPf . And ^ 
y/RF^+PFJ^ 

the area = RF*+PF*i = PR. And (the area on 

PB 
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FBisPE— AD; and on PA, PD— AD. AndFig* 
their difference) PE — PD, is the area on AB, 

{Pr. 91. cor. 2.] This is calculated in the Ap- 
pendix, by the help of the Quadratures of Curves, 
which fee in Harris's Lex. vol. 2. 

And the curve |CkM is a conic fedion ; for the 
indetermined quantities rife only to two dimen* 
fions. Let SA = r. SC = c. BE r- «. PB =: b. 



cc 



ER* = PD* = PE* + ED* = * — «' + — K 

rr 



%cc , cc 



%m — u% zzbk+ *2^X«+ I— — Xiw. 

[Sch. Pr. 93, andl fuppofethe force proportional.] 33; 
for confider A, B, as flowing quantities, and let 

m 

, A be given = v. Now fmce ATs: B; therefore 
when A becomes A+A=:A4-e?, B becomes 



n 
^A^' + — 723: — coA'"^ + &c. Now if any 



B + B» and then B + b = A + (?«=:A« +-^ 
— mn 

2»*« 

quantity A + ^ (wherer is infinitely fmall) be 

involved j the firft, fccond, third, &c. term, will 

be refpeiftivelyas the flowing quantity ( A « ), the firft, 
fecond, &c. fluxion of that quantity, as is demon- 
ftrated in the quadrature of curves, Sch. to Pr. i r. 
(for which lee Harris's Lexicon.) Therefore 

^ ^^ coA^^^ is as the fecond fluxion of 

A«. Now if a (centrifugal) force aft from the 
line CD in the direftion B, and a body move in 
the curve CZ, the fluxion of A will continue the 
fame always, and the force afting upon the body 
^iU he every where as the fecond fluxion of B, or 

of 
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FifiT* * f^ "'^ vntt 
of A» (its equal), and therefore as — — r 

«2^ i»* — fnn ^!r25 
«!^A « 9 or (becaufe o is given,) as A « > 

6r as — : B » . Or 1 — g • is as the 

centripetal force. This may be eafilier fliewn by flux- 
ions only, by finding the 2d fluxion of (B or)A«" •• 
SECT. XIV. 

34. [Pr. 04. equal to the fquare of HMJ for imagine. 

35. a diameter drawn through H, and an ordinate to it 
through I, the abfcifla will be iz MI, and the or- 
dinate z: MH. Alio compleacmg the figure, tha 
tangent IP cuts from .the diameter H^, Hp = Hu 
*=: MI; therefore the triangles HLP, MLI arc 
equal and fimilar, and HL = LM. And the latus 
reftum to Ua is alwap the fame, whatever the an-, 
gle of incidence be, if the velocity be given -, for 
tb^ line H^, that the body will defcribe in a given 
time, is given ; and the line dg, th^t the body ap- 
proaches the plane in a given time is given ; and 

therefore — — , or 2L- , or the latus reftum, is 
Hz ^^H 

given. 

[Pr. 9?. Sch. of the fecants] of the angles be- 
.tween the line of incidence and the plane. 
, '.. [Pr. 97, cor. 2.] The curve lines CP, CQ (be- 
ing every where perpendicular to AP, DK,) arc 
compofed of arches of circles •, therefore PD is the 
increment of AP or AC, and QD the decrement 
of QK or CK •, and therefore thefe increments are 
as the fines of incidence and emergence. And i 
centra, if PD, QD arc as the fines of incidence 
and emergence, a body moving in the line PD, 
fhall emerge in the line QDK, by this Prop. 
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[Pr. 98. and therefore QS to be always equal to Fig; 
CE ;] For fince qqqq and ssss are always perpendi- jX). 
cular to ji, therefore fuppofing QS and iqs to in- 
terfea in K ; then KQ— KS = K.i^ — KS, that 
h qs :r. iq,s. Alfo let i^.K and 2 j'.j interfedt in T» 
then iq.s — iq.T — ST = 2T — sT = 2q.s. Alfo 
2q.s = iqY — SY zz 3q.Y — SY ^ 3q.S'y and fo 
on, *tiil at laft qs^ coinciding with CE, will be c- 
qual thereto. Therefore QS is every where equal 
to CE. 

[ib. Sch ] See the Author's Optics, where all 
thefe things are fliewo. 



0. 
BOOK 



Fig. 


t 46 ) 






BOOK 


11. 



SEC T. I. 

£T)R. 2. cor. For if that area] by Marq. Hdfpi- 
j[7 tal*s Conic Scft. art. 219. And my Conic 
Scft. Prop. 86, Hyperbola, cor. 6. 

fib. or the right line AC] by the converfe of 
Lem* I i but the contrary does not hpld> that is, 
if any area ABGD be taken for the dme, that DC 
ihall reprefent the velocity, or AD the fpace* 

^ [Pr. 5. And the refiftancej The force of gra-- 
vity may be compared with the refiftance of the 
medium \ for they may both be confidered as uni- 
form preffure. 

[ib. or AC to 4AK] For fuppofe a tangent to be 
drawn to the point B, then Kq : (Tubtangent =:) 
AC :: kq : Bk or AK. And in general in any area, 
as Mj/N 5 it will be, AC : 4MN + NC : : (by the 

nature of the hyperbola) ^^ + ^^ : AB or Mm. 

' ■ 2 

And by divifion AC : AM + 4rMN : : ^^ ^ ^^ 

2 

t ^ + ^^ : : area jMN/ : area smnL But AG : 

2 

AM + T MN : : force of gravity : refiftance in the 
middle of the fourth time. Therefore, jMN/ : 
smnt : : fbrce of gravity : refiftance in the midft of" 
the fourth time, and fo of the reft. 
aj. And the like demonftration holds in afcending 
motion ; for let the rectangle ABDG be divided 
into innumerable reftangles D/r, K/, L«?, 1V1«, &c. 
which (hall be as the decrements of the velocities 
produced in fo many equal times •, then will AE^ 
Ak^ A/, Amy &c. be as the whole velocities, and 
tbci«fore as the refiftan^cs of the medium in the 

begin- 



■6« 
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beginning of each of the equal times. Let AC :Fig, 
AK : : force <rf gravity : rcfiftance in the beginning 37, 
of the £^ond time j then to the force of gravity 
add the refiftances, and DEHC, K*HC, L/HC, ' 
Mm HC, &c. will be as the abfoldte forces, or oc de« 
crements of the velocities, oc D*, K/, Li», M», &c. • 
and therefore f-f ; whence DGfK =: KqrLzzLrsM 
= Mj/N, &c. will be oc the equal times or forces. 
But AC : MC : : Ms : AB. And by divifion AC : 
AM : :Ms : ms : : area jMN/ : area smnt : : fand 
therefore as) force of gravity : refiftance in the fourth 
time 5 and fo of the other areas^ Therefore fincc 
DGjK, KjrL, LrjM, M^/N, are oc the gravita- 
ting forces^ the areas GEkq^ qklr^ rlms^ msni^ OC 
refiftances in each time, OC velocities oc fpaces 
defcribed. And by compofition, in the times 
DGrL, DGBAi the fpaces defcribed will be as 
GE/r, GEB. ^ E. D. 

[ib, cor. 3,] For the diff. fpaces oC velocities 
(that is by con 2.) OC CA, CK, CL ( li ), or OC 
AK, KL, LM ( ;-l ) by lem. i. (fig. 3.) 

[*! let that alfo be diftinguilh'd] This is true in 
this law of refiftance; becaufethe motion' Idft i^ 
' 00 velocity OC remaining velocity OC fpaces de** 
Scribed. 

f Pr. 4. which is the locus of the point r. ^ E.DJ] 
all the reft is plain by Prop. 2. ^nd 3, and cor* 
Pr. 2. 

[ib. cor. I. that is, if the parallelogram] For 

DA : CP : : DR : RX = 5iL^l££. But DAB =: 

DA. 

DC — ACx AB z= (by the nature of the hyper* 
bola) AB~ AQ X DC =: QB X DC = (by con- 

ftrudion) N x CP. And DA = ^^^^. Where- 

AB 
fore RX - PR X CP x AB _ DRxAB 

. "^ NxCF , "^ N / 

[ib. 
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Fig. [ib. cor. 4. DraF is alfo given.] by this prop* 

fib. cor. 6.1 for then 2DP OC ^^^^J^^' OC 
•• refinance 

_l!L_ OC "f^'J^L OC velocity, 
velocity velocity 

[ib. cor. 7. the ratio --— J For when this ratio 

is the fame with the other, the curves defcribed 
(and fuppofed to be defcribed) in thefe two cafes, 
will be fimilar. 

SECT 11. 

Prop. 5. had been better exprefled thus, (tho* 
the tranflation agrees with the original.) 

If a tody is rejifted in the duplicate ratio of its ve^ 
locity^ and moves by its innate force onfyy thro* a 
fimilar medium ; and the fpaces be taken equal: I 
fay^ that the times of their defcription areina geo- 
metrical progreffion increafing •, and that the veloci- 
ties at the beginni)tg of each of the times are in the 
fame geometrical progrejfion (decreqftng or) inverfely. 
For it is plain, that the times may be taken in 
fuch a gometrical progreffion, as that the fpaces 
cannot be equal, nor the velocities in the fame in- 
verfe progreffion. But if the fpaces are equal, 
the times and velocities will be in a geometrical 
progreffion, in verfe to one another. The demon- 
ftration is the fame however the propofition be ex- 
prefled. For it being proved that the lines AB, 
Ki&, L/, &c. being fquared, the fquares are as the 
differences of the lines ; and alfo that the fquares 
of the velocities are as the differences of the velo- 
cities. Therefore if AB and K^ be taken as the 
velocities in the beginning of the times AK, KL ; 
and an hyperbola be drawn thro' the points B, /&, ' 
to the affymptote CD ; (whofe center let be C ; all 
the odkr velocities will be a5 the lines L/, Mw^, &c. 

becaufc 
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becaufe the progreflion, of the lines as weU as the Fig* 
velocities, continues the fame all along. .Whence 
the fpaces fin thefe equal times) will be as the a- 
reas A*, K/, Li», &c. and in the time AM; the 
fpace will be as AMmB. Now conceive the area 
AMmE to be divided into the equal areas Ak, K/ 
L«, &c. Then will C A, CK, CL, &cc. be 4* 
increafing; and the parts (by Lem..i.) AK, KL^ * 
LM, &c. which are as the times, will be in the 
fame progreflion, increafingt Alfo the velocities 
AB, Ki> L/, &G. (which are reciprocally as CA, 
CK, CL, &c.) will be in the fame progreflion in^ 
verfely. ^ E. D. 

[Pn 7, and times conjundlly] very fmall particles 
ef time. 

[ib; they will always defcribe fpaces,] for the 
parts of fpace defcribed in thofe feveral particles of 
time, are as the refpeftive velocities x thofe feveral 
parts of time; that is, as the firft velocity X each 
part of time* And by compofition, the whole 
fpaces are as the firft velocities x whole times* 
^ E. D. 

[Prop. 7, con 3.] dele. Let thofe diameters 
applied to that power. 

[Pr. 8.] in fig. i, PL 3, * ought to be beyond 
/ in refpe<St of A, &c. becaufe the refiftance de- 
creafes. But the demOnftration is the fame any 
way. . But this figure is not in the ift or 2d Ed* o^ 
the original. In Ptop* 8 and 9, AC reprefents the 
relative gravity, or its weight in the fluid. 

[Pr. 9. c^. 7.] For the greateft velocity is given 
(by Pr. *8. cor. 2, 3.) And thence the time of ac- 
quiring that velocity in free fpace. And ABNK 
(AB;^*^ being given there is given AK, and AP 
(Ap) and aTD (A/D). Then ADC : ADT 
fAD/) : : tinie of acquiring that greateft velocity 
in free fpace : tiiiae fought. 

[Pr. 10. equal among themfelvcs] and very fmalL 
D [ifc 
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^^S* [ib. or ^^1^ — I as appears by (imilar A's, prcK 

HI ^ * 

duced by letting fall a -4- from N on HI. 

If the velocity in GH be greater than the velo- 
city in HI, the decrement is — -. — — , andari- 

V T / 

fes from the refiftance and gravity together (be- 
caufe gravity draws the body from the tangent in- 
to the arch HI) ; and if gravity ^ad not, that de- 
crement would be greater (for gravity accelerates 

2MIxNI 

the motion), by ---— •, therefore the decre- 

/xHI 

ment, by the refiftance alone is -i-;— — — - + 

^MIxNl 

/XNI * 

[ib. will be NI ;] for Q^ being a given (ratio or) 
quantity ; Q^ will always reprefcnt MN, whatever 
the magnitude of o be. 

And the ordinate Dl iz CH — ML Alfo the 
value of Ml in the ordinate EK is (bccaufe o be- 
comes 2.0y and fubftituting 2 x ^, for 0^) 2Q0 + 
4 R<?* -i- 8Rt?' + &c. and therefore EK zr CH — 
2Q0 — 4R<?* — SSo^ — &c. Alfo in the ordinate 
BG, when becomes — 0^ the value of Ml (by 
fubftituting — for 0) will be — Qo + Ro* — . 
So^ + &c. And BG = CH — MI (as before,) -. 
p + Q^ _ R^* + So^ — &c. 

[ib, or — JL-l-f-'l for (becaufe i is infinitely 

fmall) R, R + iSo^ R + 38^, are both arithme- 
' tical and geometrical proportionals. 

[i b; b y fubftit uting the values — ] becomes 
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QRgg 2Qo+2Ro*xRg'+So» _ F'fr 

fefting the fupeffluous powers ot a, or the (Quanti- 
ties infinitely lefs than the other,) o^i + QQ — 
QRe^ 3 So* y-_ . 

;7lT^ + IR ^-^^ Q^Q^- Vx +09 - 

QRg* . aQRfltf 3Setf ^ 

Vt^W ^^^^ ^''^'^' 

HN* HI* 

[lb. latus redum Siil 1 or — - n (neglefting . 

the fupcrfluous powers of o) ^^ X ^ + QQ — . 

i+QQ, 
R / 

[ib. p. 33, that a body by afcending from P] of 
' 'any other point of the quadrant PF, in the direc- 
tion of the arch of that quadrant. 

[ib. Ex. 3. the fecond term _^— ZL o\ or ra* 

n aa 

hb «i * 

thcr — — — o-zi Q2 ; but the fquare is the 

fame either way. 

[ib. E3f. 4. for Q2] -^ (7 - ji^ = Q2. 

A»+> e 

[ib. Sch. And therefore if a curve] for the quan- 

tity R^^ -f -Tjg is as the denfity, and if that 

be given the denfity is given. 

[ib. than thefe hyperbola's here defcribed.J For 
let the 2 mediums be of the fame denfity in the 
vertex of the curves; then if the bodies be pro- 
jefted from A ; the uniform medium being more 
denfe, and the other kfs denfe at A, the body mov- 
ing in the uniform medium will be more impeded, 

D a and 
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^1^. and cotilcquendy will.dcfcend the more, . than thzt: 
defcriJDing the hyperbola, which is lefs refitted, and 
which therefore rnoyesneareraftreight line. There- 
fore the bodyi moving in. the uniform medium /i» 
more diftant fconv the aflyniptotcs in the vertex of 
ih^ figure . than ' .the* other body, *But if the den- 
fitics. of -the mediums were fuppofed equal in A ; 
then (by the' feme way of reafoning), the body^i» 
the uniform medium would be nearer the aflymp- 
totes inihe vertex. -And-generally.fpeakiftg, tbefe 
curves cannot therefore differ very far. 

[ib. wilLtouch the hyperbola in G,] for fwppofe 
the tangent TG to interfea MX. Then (by flux- 
ions) the diftance between that point of interfedioii 

and V, is = ^. Then by fim. A% Y^ : VG 
n n 

: : VX : TX — VG n «VG. But VY = nVG, 

Therefore TX zr GY, 

[ib, and the velpcity"} for the- velocity (when the 

gravity is given) is as the ordinate of the parabola^ 

. that i s (the abfclfla being given, by the gravity) as 

♦ the \/latus redlum. 

[ib.. Rule I.] For the velocities are as the ^» 
of the latus re^um of two parabola's,: that is, a* 
/2XY* ^ . /2AH* /lAb^ 



;, that is, as 



/2AH* /; 



^ ^M^XYG* ' ^ AI V Al 

ivhlch (by fuppofitipn; are in a ratio oi equality, 

and therefore ^- = 4^. Alfo fince the denfi- 
Al A/ 

lies are equal j ""J"^ wiH be given, that; is ^ 7\| 

s; *±i. Whence AH = Kh. Whence AH, 

. AI, remain the, fame; and HX, which is compo- 
fed of AI and the fubtangcnt to the axis XH, is 
th« kxas aUb. 

[Rule 
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[Rule 2.] For velocity oc /^5! ex (becaufe^*8* 

AH is given) y-±.. 

[Rule 3. and therefore AH] for let b be the ra- 

cictKen AJ=:*^, And A^^ = A^ = 
Ai AI AI At 

h ^ X A*. Whence P^b = ^. Alfo ^ = 
AI ^ Ai 

:^=^X^ Whence AV = J^ 
Mi . AI ^* 

[Rule 4. a little greater] fince AH' decreafes 
faft^f than GT, therrfore the fum of all or every 
AH + GT is leffer than the firfl: AH + GT X 
number of them. And therefore the fum of all 
the denfities (being reciprocal thereto) is greater 
than the fum of as many denfities in A and 
G. But the mean d'enfity, is r: fum of all 
the denfities ^ by the number of them, and 
therefore is fomething greater than the 4 fum 
of the denfities in A and G. But half fum den- 
fities : denfity in A : : ^H + GT ^ ^^ ^^^^^^ , 

fore mean deftfity : denfity in A :: is in oratio 9, 
little greater than ix AH + GT : GT. 

[ib. Rule 5.1 for HX == AI + fubtangent c 
AI -J- ;;AL XN being the axis. 

fib. Rule 6. by how much] for the variadon of 
curvature in one of thefe hyperbola's, where n is 
great, is leall in the part AG, and fo it is in the 
curve of proje6tion, where the velocity is greateft ; 
lo they agree in that part. But they differ more in 
the part GK, where the projedile approaches to a 
uniform motion. 

[ib. Rule 7.] AH to 2AI, ought to be 3AH 
10 4AL (But the original Is AH to 2AL) 

. D 3 £ib. 
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Pig. lib. Rule 8. whofe conjugate] hyperbola ihall 
pafs thro* the point C. ■ 

fib. what has been faid] for by fuppofing the in- 
dex » to be negative, VG (which before was as 
VX-») will then be as VX% and the curve AG 
will be a parabola, and what was demonftrated ge- 
nerally of the hyperbola, will hold true (for any 
index, and- therefore) for the parabola •, and all 
things will follow as before fubftituting -r-n for «. 
38. But the computation may be mad.r for the para- 
bola, as for the other i thus, let VG = WXV» 3 
XC». Then the fubtangent ZT = »VG. And let 
XC = «, ng = tf, cC = 0, Then VG = a-^e' = 

»— ^ fl»-j <,j = P -^ Qo — Roo — Se\ Whence 
^ - «_t 

^» 2 

y » — ^ -^ * — ^. X (f^^-, -Therefore the denfity 

tViat 'is as — r-; » or as . — — - ■~-, that IS 

tnat IS, as ^^x ^„„a2n ^ ^^. ^ „j,^^' 

reciprocally as v/XC+ TZ\ A nd the fame may 
be found by fluxions, putting Q, R, S, for the ift, 
2d, 3d, fluxion of VG or XC\ 

S E C'T. III. 

fPr. 12, and inverfly as the velocity;' for thf 
time, of defcribing a given fpace, is reciprocally 
as the velocity. 

,(Pr. 13. cafe I, 2, ^, the decrement or incr?;- 
mcnt PC^j in a given time, , 



B. II- THE P R I N C I P I A. 55 

[ib. cor, and triangle do.l therefore ex equo^ &c.Fig. 

[ib. Sch.] For draw the indefinite line BAP, ^^. 
and make BD perp. and equal to BA ; and draw 
DF, AF parallel to BA, BD. Let AP be the 
velocity, AP' + 2BAP the refiftance, AB* 
the force of gravity. Draw DTP, cutting FA in 
T, and the time of the whole afcent will be as the 
triangle DTA. 

For draw DVQ cutting oflF PQ the moment of 
velocity, and DTV the moment of the triangle ; 
then the decrement of the velocity PQ will be as 
the refiftance and gravity, AP' + 2BAP + AB* ; 
that is as BP*. But the area DTV is to the area 
DPQ, as DP to DP% or as DF' to BP»| there- 
fore fmce the area DPQ is as BP', the area DTV 
will be as the given quantity DF\ Therefore the 
area ADT decreafes uniformly as the time, by the 
fubduction of given particlrs DTV ; and therefore 
is proportional to the whole time of afcent. 

I Pr. 14. From the area DEI*] This (hould be ; 
from the moment KLON, fubdud DTV orw x BD 
the moment of DET; and is only a falfe tranflation. 

j ib. cor. or as V' ;] for the fpacc is OC a of the 
time, that is, oC the fquare of DET or of BD X 

M OC (becaufe M = I1L.^LJL\ fquare of 

BDxDE2£V ^^^^ j^ (becaufe BD, DE, DA arc 

DA . 

BD vV* 
oriven) as V*, or as .-—^ 

"=" ^ *AB 

(ib. Sch. inftead of the uniform refiftance made 
to an afcending body {\ this differs from gravity, 
only in this -, that it cannot generate any motion ; 
but it afts after the fame manner in all moving bo- 
dies* in deftroying their motion, as gravity does in 
" deftroying the motion of afcending bodies. Gra- 
. vity aiSts uniformly in a given direction. The force 

D 4 arifing 
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Fig. arifmg from tenacity afts uniforpily^ ,but always in 

a direftion contrary to the motion of the body. And' 

therefore when the body is at reft, it can induce 

, no change in it. Now in the horizontal motion of 

a body in a fluid, which is refifted in part uniforni- 

ly, one may.fubftitute the force of gravity for that 

uniform refiftancc, as in Pr. 8, 9; .13, 14. And 

in ^hc.afcent ordefcent of the body in a fluid, in- 

(lead.of the force of gravity, one may fubflitute 

the fum or difierence of that uniform force and 

. the force of gravity, as in thefe propofitions. 

SEC T. IV. 

In Prop. 1$. 

[Afld the decrements of thefe arcs arifing from 
the refiilance, will be a$ the fquares of the time$ 
in which they are generated ;1 for fincethe arcs ar^ 
infinitely fmall, the refifl:ance affeds the fame as an 
uniform tentripetal force would do« 
AO^ [ib. T^e decrement of the arch PQ^will be] 
* for let y, / be the pqints it would arrive at, in the 
fame times, in free Ipace, then Pq -nqt^ . 

and PQ :;=:. Qf-y therefore 
Qj =: J/ —• Q^; and adding Qy, iQq zz Qt ^-^ 
,Qr,zz sri and Qg zn itr : but Q^ =: ^R/ ; there- 
fore tr zz 4.R/ = Rr, and Qq zz ^Rr. 

The fame demonftration of this Prop, holds 
good, as well in afccnding as ^ defcending motion. 
4^* [Cor. I. The velocity, &c.] for fuppofing PQ^ 
an arch of a circle whole center is /j th^n if PQ^ 
or PT be as the velocity in both curves, TQ v/ill 
be as th^ cci;itripetal force in both, but in both 

curves TO c: i-Si. 5 therefore P/zz rad. of th<5 
circle defcribed with the fame velocity. 
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[Coi*. 4. the body will defcend, &c.] for by cor. Fig. 
I., the velocity in P in a refifting medium is zz ve- 
locity in a circle at diftance SP in free fpace; but 
velocity at diftance SP in free fpace : to velocity at 
dift. tSP in free fpace ("by cor. 6. Prop. 4. B. I.^ 

or Prop. 34. : : as J^ : to J:^' : that is, ^i 

: v/^ ; therefore, &c, , . ^ 

[Cor- 7, or as ^ AS to AB] (for this fee my Geo- 
metrical Proportion, prop. 24.) 

In Prop, 16. 
[And the refiftance, &c.] inftead of this propoi^ 
tibn in prop. 15, viz, PQj QR : : SQ : \/6PxSQi 

fubftitute this PQj QR : : (SQJ : SPr : SQ^; 

SQ + ^ SP — ^ SQ, (by prop. 24, of my Ged- 
2 2 

met. Proportion) that is, as the defcribing veloci- 
ties, &c. 

[Cor. I. ] For the refiftancc : centripetal force y: 

i==4» VQ^: PQ : : T^^ OS : OP. 

S E C T. V. 

In Prop. 19. 

[Cafe 3, different fpherical parts have equal pref- 
furcs,] that is, different fpherical parts of equal 
magnitude. 

In Prop. 20, 

[And by a like reafoning, &c.] Suppofing the 
thicknefs of the orbs to be reciprocally as the force 
of gravity or the denfity of the fluid, or in the 
complicate ratio of them 5 and it will appear (as 

before) 
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Fig. before) that the bottom is prefled with a cyhndcr, 
of the fame fluid ; whofe bafe is ri the bottom, 
and height that of the fluid, by the fame reafon- 
' ing as before, and prpp/ 19. 

In Schol. Pr. 22. 

[By a like reafoning, &c] Let the force of gra- 
vity be reciprocally as the nth power of the dif- 
tance. The fpecific gravities at A, B, C, &c. will 

OC — , ^, — , &c. and the denfuies OC 
^ SA« SB«' SC; 

r 1 ir 1^ AHxAB BI X BC 
fums of the preflures OC — _- , — — , 

CKXCD ^_ 5, AH_^ BL, JL , &c. 

SC« S/\"-' SB"— SC— ' 

And /», »w, &c. OC differences of the denfities OC. 

•^^ , __?i ,, &c. And tu xtb^ upo x ui OC 
SA—' SB—' 
AH X th BIx«^' ^ 1 ' • Of ' ^ .^ 

j)A— ' ' SB— SA— '' SB—'' ,SA— « 

' . ^ L_, &c. and therefore univerr 

SB^IT SB—' SC— ' 

fallv ' ^ OC hyperbolic area tbny, 

' SA— ' ,SE— ' 

^, ^ .r SA» SA» SA" --_1_ 
Ther<;fore if .^^. gg^, ,^^^. or ^^^ . 

I I 

be — ; then "~ 



^ — — — > and the areas proportional thereto 

SB«-' SO-^ 

will be equal, viz. thiu n uikw^ and therefore S/, 
Su, Sw, that is, AH, BI, CK ^ .^ £. D- then 
putting n fucceflively =: 3, 4, o — i , &c. the truth 
of thefaid Scholium vvill appear. And fo on, ad 

infinitum* 
^ [Other 
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[Other laws of condenfation, &c.] Suppofe the Fig- 
compreffing force OC rth power of the denfity. 
Then the fpecific gravities in A, B^. &c, OO 

AM RI 

j^lL , 4--> &c. And the preffures in A, B, &c. 
SA* SB* * ^ » 

AH W_ OC DL BI 

— - + Hz*, &ct. Now if thcfe fums were — , their 
SC SD 

differences ■— -- , --- , &c, would be in the fame 
SA SB 

AH 

Tj and then the preffures in A, B, &c. OC — -, 

' bA 

-— , &c. OC denfities' OC AH% BI% &c. And 
SB 

therefore AH"-', BI"-' OC _i-, _!_AndAH, 

SA SB . 

^^ ^ SAin ' sEL- '^^^" putting r = ± , 1, 

r — I ' r— X 6 6 

2, &c. all things will appear as in this Schol. But 

now the aforelaid fums are not in geometrical pro- 

greffion, becaufe it is plain their differences are not, 

. AH BI . ^ .. AH Bl ^ .. , 

"^'•SA'-SB'^^'-^'^^^SA-'SB-'^'-"^^"^ 
feeingSA, SB&c. are-lf, therefore (by Prop. i8, 
cor, 2. of my Geom. Proportioa) AH, BI, &c. 
would be -^ which is falfe (except in the cafe of 
Prop, 21.) therefore neither thefe differences, nor 
fums are -1. And confequently the conclufions of 
this Schol. in this refpeft are not true. And there- 
fore it muil be prefumed, that the Author meant 
th^m only to be nearly, and not perfeftl} true. 



In 
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Fig. 

In Schol- Pn 23. 

[All theft things are, &c.] It fecms to me that 
the" prop, holds true, tho* the centrifugal force be 
extended to all diftances, in any given laW, as well 
as when it ends at the next particle ill the fame, 
given law. For fuppofing the particles of the fluid 
to be placed in parallel planes^ and that thefe planes 
adi on each other 5 the force of compreffion on any 
one plane will be made up of the feveral forces^ 
of all the other equidiftant parallel planes* There- 
fore fince tjtic diftances of all thefe planes before 
compreflibrt are refpeftively proportional to their 
diftances after compreffion from this given plane ; 
their anions on the given plane befoi'6 and after 
compreffion will alfo be proportional, (feeing their 
aftio'ns' or forces are as fome power of die dif- 
tances) ; and their fums will be alfo , proportional 
to' thofe of any two correfponding planes, viz, as 
the rieafeft to the neareft. In thele fort of par- 
ticles there will be required a greater force to pro- 
duce an equal condcnfation of an equal quantity 
of the fluid. But the denfity will be proportional 
to the compreffion, as before. 

SECT VL 

In Prop. 24, 

Cor. 5. — — for let w, M rr quantities of mat- 
ter, tt?, W zi weights, /, T = times, for the 
common pendulum /. Alfo L zz new pendulum. 
T n new time, for M, and W. Then m : 

M ::«;// : WTT (by the Prop.) : : — :(^ =:) 

.. And if w, M 5 /, T, are equal ; w a /, 

which is cor. 4. 

In 



B.1I. THE PJR I N C I.P I A. ,6i 

In: Prop. 27i ^ -^ 

[If cbe refinance in tfic arc B, &c.] If, tl?c re- 

'fiftancc in the arc A were to the .ref^ftance in tl)? 

arc-B as 'A A to AB, the times would be equal, 

and therefore rcfiftance A A in the arc A caufes 

the excels. of time above that In a non-refiffing , 

medium ; and rqfiftance AB in the arc B caufes t^ 

€xcefs of time in B above that in a non-refifting 

^jpiediupi, equa\ to the. former excels^ (becaufe with 

thefe refiftances) they are defcribed in equal time. 

.But.now if B be defcribed with aTefiftance. BB ; 

theexcefs of time will be caused by that refiftance. 

[3ut thofe pxcefles, &c.] Npw the cxceflfespf 
tijne caufed by defcribing B with the refiftances 
AB,'BB refpe<aively, are as the fpaces left un- 
defcribed after the given time; that is, as the re- 
fiftances AB, BB nearly, or as A to B, viz. as the 
arches A, B. And fince the excefs of time by 
defcribing A with rcfiftance A A zz excefs of tiipc 
by defcribing B with rcfiftance AB. Therefore it 
follows, that excefs of time in A : to excefs of time 
in B : : as A : to B nearly. . 

In Prop. 29. 

[Area PIEQ^may be to the hyperbolic area 
PITS : : as BC to Ca ; and that the area lEF may 
be to the area ILT as OQ^to OS.J 

That this is poflible (aflfuming P at plcafure) 
may be thus fhewn. Let the areas PIEQ, PITS 
be taken (as BC to C^) indefinitely fmail, then 
PIEQ^muft be greater or at leaft equal to PITS ; 
fuppofe.them equal, then will PIFQ^> PILS, 
and IF ;> IL (and more fo, if PIEQ^"> PITS), but 
when S, P, Q coincide OS to OQ is a ratio of e- 
quality, therefore in this cafe IFE to ILT (or IF 
to IL) :> OQ^to OS (or however not lefs), increafe 
the areas PIEQ and ^ITS in the fame ratioi, and 
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pig* the ratio of OQ to OS will alio increafe and con- 
verge at length to the ratio oflEF to ILT^ which 
' Ihews the pofli.bility of what was required j (but as 
to an actual folution I Ihall refer it to an algebraic 
procefs.) This being done as required j then, the 
points O, S, P, C^are all fixt, and the point R pnjy 
variable. 

f And the increment, &c.] for, the fluxion of 

^ OR -r. IGH to the fluxion of ~ PIGR : : as 
OCL 

?H — HGto — RG: : or as HG-r ?^ to RG. 
OQ ^ OCL 

IFF 

Or rath^ thus, the increment of izl OR— IGH, 

OQ 
is as l^^ — HG X - Rr = HG x Rr — ^ X* 

. Rr. And the increment of PIGR is as RG X — . 
Rr ; and therefore the decrement (becaufe the de- 
crement is a negative increment^ of PIGR, is as 
RGxRr. 

In cor. to Pr. 30. 

[Now if the refiftance DK be in the duplicate, 
&c.'J for the velocities being as the ordinates of a 
circle or ellipfis defcribed on aB ; the refinances 
(being as the fquares of thefe velocities) are as the 
fquares of thefe ordinates, that is, as the reftangles 
of the abfcifla's. Therefore the refiftances DK, 
OV are refpe£lively as ^DB, (^OB =; OB\ But 
this is the property of the parabola tfVB defcfibed 
' to the axis VO, by cor. 2. top. 4. of the parabola. 

Gen. Sch. Pr. 31, pa. 96. 
[But in lefler ofcillations fomewhat greater, &c.] 
that is, the difference in the lefler arc to the differ- 
ence in the greater arc, is in a greater ratio than 
the fquares of thefe lefler and greater arcs* 

[pa. 
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[pa, 97.] for T the cords of thefe arcs, read the Fig* 
cords of thofe half arcs, 

fib. p. 98. As i- AV + ^ BVi + X CV\] 
II 10 4 

Thcfc three members are taken to denote three laws 
of refinance, viz. the firft in the fimple ratio of the 
velocity, the third in the duplicate ratio thereof, 
and the fecond partly in the fimple partly in the 
duplicate ratio (or in a mean between them); 
and -j^ the coefficient thereof is a middle one be- 
tween 4jr and ^, 

[As 0,041 74B to 121] it fhould be as 0,041778 
to 12 1. 

[pa. 99. It is manifcft that the force, &c,] for 
the forces of refiftance and gravity are as their ef- 
fcds, to wit, as the velocity loft (by refiftance) 
and velocity gained (by gravity) in the fame time, 
as I to 376^. 

[I alfo counted I leave the calculation, &c.] 
the calculation after the preceding manner will be 
as follows. 

Mean ofcillations -^ 3^ 7 14 28 56 112 

difT. betsveen 1 ft def. and lall af. 4 i 2 4 816 

difr.ofarcsdefcribedinthede-'> JL J 1L IL J± 4^ 

fccnt and fubfeqient afcent* J 748 272 325 250 125 63 

Alfo thefe in the greater arches are nearly in the 

duplicate ratio of the velocities, but in the lefler 

arches fomewhat greater, (thefe arcs are in the laft 

fcries of the table). 

Let V r: velocity in 2d, 4th, and 6th cafe z: 

1,4, 16 refpeftively. And the difference of the arcs 

will be, in the 

2d Cafe = ^4^ = A + B + C 

4th Cafe =z ,V'o - rU: = 4A + 8R + 16C 

6th Cafe =r 44 - ^ = 16A + 64B+ 256C. 

whehce A = ,0005098-, B — \0005882; 

'C =^0025784. Therefore the difference of the 

arcs 
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Fig. arcs is as ,ooo5098V+ ,ooo5882V|.+,cx>25784V*. 
And confequcntly the refiftance of the globe in the 
middle of the arc, will be to its weight (by cor. 
pr. 30.) as ,00032442 V + ,00041 1 74V4 + 
,001 9338V V to 121. Therefore the refiftance 
will be to the weight, in cafe 2d, 4th, and fth, as 
,00267 to .121 ; ,0355324 to 121 i ,5265949 to 
121, refpedively. 
Note, you may take any other numbers (that 
ate in the fame proportion with thefe abovt) 
for V ; for example I took ^, i, and 4 = V, 
in the 2d, 4th and 6th cafes, and A will be 
=: ,002039 i B =: ,004706; C = ,041255 ; 
and the refiftance to the weight (at the laft) 
comes out the fame as before. 
In the 6th cafe the point .marked in the thread 
defcribed an arc of 1 1 2 — 44 inches rz 1 1 1^5^ ; there- 
fore the center of the .globe defcribes an arc 
= i>5 44t = '^5t nearly; and its velocity is 
(nearly^ the fame as in defcending an arc 57^ of 
a cycloid (whole femi-arc is 126,^ or z= velocity 
' acquired by falling .perpendicularly thro' the verfed 
fine (or abfciflaj of that arc 57-J-t» but this verfed 
fine is = 13,324. Therefore the velocity of the 
pendulunl is n: velocity acquired by falling per- 
pendicularly 13,324 inches. And with this velo- 
city, the globe meets with a refiftance ^yhich is 
to its weight as ,52659 to 121, or (taking that 
part only of the refiftance which is as the fquare of 
the velocity,") as ,49505 to 121. 

Alfo if a globe of water of equal magnitude 
moves with the fame velocity, its refiftance will 
be to its weight as ,49505 to 213,4; or as 1 to 
43 'iV* Whence, in the time in which the globe 
uniformly defcribes 26,648 inches, the weight of 
the globe of water will generate all that velocity in 
^e falling globe; therefore the velocity deftroyed 

by 
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byrefiftance, will be to that acquired by gravity Fig. 
('in the fame time), as i to 431^, or velocity loft 

== of the whole velocity. And therefore 

43*TT 
in the time it would uniformly defcribe its femidi- 
ameter, with the fame velocity, it would lofe the 

. I part of its motion. 

354»-7 , 

[pa. 101^2, after five ofcillations] this certainly 

fhould be after jo ofcillations, as appears by the 

proccfs of the calculation. 

[pa. i02. So that the difference 0,4475, &c.] 

for the motion loft is OC the refiftance, and that 

OC the fquare of the velocity and fquare of the 

time nearty, which in this cafe is a conftant produft. 

[pa. 103,1. 6. J ♦Here is a fmall error, viz, ,61675 
inftcad of ,61705 ; whence 45,453 would have been 
45>43 ; and the rcfiftances as 7,002 to r ; but this 
is not material. / , ' 

[pa. 104* becaufe the refiftance, &aj for the re- 
fiftance OC fquare of the time X fquare of the ve- 
locity, which produft is invariable, becaufe equal 
arches are always defcribed. 

SECT. VIL 

[Pr. 3a. ratio of denfity] he means any given 
ratio of denfity, which are proportional to the par- 
ticles. . , 

[Pr. 32. Proportional times] any times, in that 
conftant ratio, that is, let them move among one 
another, in fimilar direftions, with velocities which 
arc as the particles. 

[Pr. 32. cor. 2. fpaces proportional to their dia- 
meters] in thefe proportional times. 

[Pr. 33. cor. 2. for if the forces, &c.] for the 
refiftance arifes from the centrifugal forces, and 
from the collifions, of the particles. The' re- 
fiftances of the firft fort are as ihe jnotive forces, 

E ' that 
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Fig, that is, as the accelerative forces and quantity of 
matter, that is, (by fuppofition) as the fquares of the 
velocities and quantities of matter, that is, (becaufe 
the quantities of. matter are given, the fluid bting 
the fame) as the fquares of the velocities 

The refiftances of the fecond fort are as the 
number of reflexions, and their forces; that is, 
(as is proved in the Prop.) as the fquares of the vey 
locities, fquares of the diameters, and dendties of the 
parts, that is (becaufe the diameters and denfities are 
given) as the fquares of the velocities, accurately. 
[As alfo the bodies h and G;] let^E and G be 
vaftly fwifter thnn D and b\ 

[Pr. 34. but the former of, &c.] for^HxCB — 
(BE*r:)O^N, which isthepropcrty of the parabola. 
[Pr. 34. Schol lefs refilled than the former 
fohd;] tor, if FG and IH be produced rill they 
interfeft, they will form a right angle -, and there- 
fore the fruftum FGBHI will be lefs refxfted than 
if the lines fhould interfeft in an obtufe angle, (as 
is (hewn in the cone ;) which they would do if the- 
lines fell within FG.and IH; and for the farhc 
reafdn the refiftance would be greater in the curve 
itfelf, becaule the lineote which conftitute it, 
will, when jproduced, interfed one another at ob- 
tufe angles. What is mentioned befides in thisSchol. 
is demonftrated in the appendix^ 

[Pr- 35- it follows, that the cylinder, &c.] for 
mot. cylinder : mot. medium : : cylinder's magni- 
tude X denfity X velocity : (medium.'s mag. xdenC 

X vel. zz) cylinder's ■ ' ^ ' x 2 vel". x medium's 

2 ■ 

denfity, : : cylinder's denfit^ : medium's. denfity, 

[ib. to the force by which] to the motive force by 
which its whole motion, &c, 

[Pr- 35' cor. 2. J-for, the refiftance of the globe 
and the force (fhat will quite take away its motion 
in the time it moves two or four thirdis of its di- 
ameter,) 
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ameterO are in a givfen ratio; therefore increafcFig. 
the velocity of the globe in any ratio, and the force 
(that will utterly deftroy all its motion in a given 
fpacej will be increafed in a ratio of the velocity 
direSly and the time inverfely, that is, as thefquare 
of die velocity, therefore the refiftance of the globe 
is increafed in the duplicate ratio of the velocity. 

[ib., cor. 3.] for the fame reafon, increafe the 
diameter of the globe in any ratio, and the motive 
force (that will utterly deftroy its motion) will be^ 
increafed in the triplicate ratio of the diameter di- 
reftly, and the time inverfely, that is, in the thipli- 
cate ratio of the diameter direftly, afid the fimple 
ratio of the diameter inverfely, that is, as the fquare 
of the diameter ; and therefore the refiftance of the 
globe will be encreafed in the duplicate ratio of the 
diameter. 

I Cor. 6. and its refiftance, &c.] Let BC be the 
refiftance at firft, then refiftance at the firft : refift- 
ance at the end : : BC» : EF* ; but AE : AB : : 
BC : EF : : EF : BH ; therefore BC* : EF^ : : BC : 
JBH. . •- BH is the xefiftance at the end. 

[Cor. 7. As the logarithrti, &c.] For (by Schol. 42. 
Prop, 8:6, hyperbola,) it appears^ thatif AH3:i. 
AB =: T. BK = / ; thenit will be CBKF :EHKF: : 



T+/' 



(log. T+/— log. T =:) log. -IZIi': log. T + t. 

And EHKF : AHED : : (log, f+i : ,43429448 : 
log. 1 + / X 2,30258509 : I. Alfo AHED : 
CBKG : : HE : CB X / : :T: t. Therefoi-e ex equo, 

CBKF : CBKG : : log. I±f x 2,30258 X T : / : : 



log. li^X 2,30258509-: —• 

- [Pr. 36. cor. 2.] f'orces are equal when their ef- 
fefis are equal in a given time ; but the etfedt of 
|he motion of the effluent water (in the time ^ bo- 
\ E 2 ^ dy 
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Fig. dy defcends thro* GI) = a cylinder^ whofe length 
is zGT^ and bale the hole EF 5 alfo the efFcft ot 
the gravity or weight cf a column whofe height i* 
GI, and bafc the hole EF zz (by reafon of an ac- 
celerated motion, and in the fame time) a cylin- 
der whofe length is GI, and bafc the hole EF ; 
and therefore the efte6l of the preflure of twice 
that column (m the fame timt) zz a cylinder, 
whofe length is 2GI, and bafe the hole EF j =: th« 
firtl cylinder, ergo^ &c. 

fCor. 3. or IH 4- lO to 2IH.] for ih: bo:: io: 
0g i or ho: og: : ib : w. And b$ -^ og: 2bc : : ib 
+ io : 2ib: ii0 + ig: lio: : ©EF +OAB: 2 ©EF. 

[ib. cor. lo,] This cor. ought to be more cx- 
aftly computed and demonftrated, becaufe the fol- 
lowing propofitions depend thereon. 

[Pr. 37. pa. 1 37. And is therefore nearly equal, 
&C.J This refiftancc = weight of a cylinder 
(whofe bafc is that little circle and altitude ^^IG^ 
from which altitude the cylinder muft fell, &cO zz 
force by which its motion may be generated, &c. 

[Pn 37. cor. I.] Let F =: forcj? (mentioned in 
the prop.) M =: medium*s dcnfity. C == cylinder'^ 
denfity. V r: velocity. D =: diameter. T=:timc 
(of defcribtng four times its lei^thj. K — Refin- 
ance. Then R =: F 1^ (by the prop.) a C X 

^ X D* X ^ OC V* D^ M. 

[Cor. 2.] Let EF be given, and denfity of th^ 

inedium be alfo given. Then becaufe this refiit- 

ance zz weight of a cylinder {'whofe bafe is PQ^ 

EF* 
and height ^IG) x _ -, thcrcfote weigh? 

EF* — i-PO* 
Qi this cylinder z= refiftance x ~ — ^tj^z •• ^"^ 

the force requifite to take away the motion of this 

cylinder. 
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cylinder, whilft it moves four times its diameter Fig. 
OC we^ht of this cylinder x velocity x 

.. .. J - .. ■ — I — : : — ; QC refiftance 

time 01 delcribing 4 times its length 

EF* — 4PQ: faF^ — FQ^ EF» — PQ* 

EF^ EF^ "^ Ep • 

And the denfity of the cylinder being incrcafcd, the 
force is increafed in the fame ratio. 

[Cor. 3. J for fince ref. : force : : EF« x denfity 

medium : Eh* — 4^PQ' xEF* — PQ *' x denfity 
cylinder : : med. denfity : E^' -^t'Q'x EP^.JlQ;-. 

X cyL denfity ; increafc the diftance it moves, in 
any ratio •, and the force (to deftroy the motion) 
will be decreafed in that ratio , as fuppofe the ratio 

of ^=1^1 |p^^2=W\ Then ref. ; force : : 

med. denfity : cylin. denfity. 

fSch. pr. 37. AE and Bf£ be a parabolic arcs] 43, 
fincethe refiftance is the fame, whether the fluid 
or the cylinder move, therefore the cafe of the 
refiftance of the circle in fig 4. is the fame cafe with 
the refiftance of the drcle AB in fig. 6, confidcring 
the velocities Hd and EG, wherewith they are aded 
on ; but (by con 9, pr. 36.) the refiftance on PQ^ 
=4 cyhndcr on PQ ana height GH (thro* which 
a falling body acquires the velocity, which the fluid 
has on FQ), but ^ this cylinder is =1 a parabolic 
fpindle on PQ^and height GH, nearly. , There- 
fore the refiftance on AB -zz {- cylinder on A 8 and 
height GE (z: GH,) thro* which a falling body 
acquires the velocity with which the cylinder 
moves,) which is equal to a parabolic fpindle on 
AB and height GE = AEB by conftruftion, (fince 
lat. rcct : (HG - ) GE : : GE : AG.) this is the 
very conftrudion of fig. 2. 

E 3 r=^-. 



70 ACpMMENToN 

Fij- [ib. muft be to this force fts 2 to 3, at leaft,] for 
the weight upon the little circle (in cor. 7. p. 36.) 
is there tliewn to be equal to a cylinder of 4- the 
height GH at kaft. But the weight of a cylinder 
on that circle and 4 that height is the force where- 
by the cylinder's motion may be generated in the 
. time it moves 4 times its length or 2GH -, there- 
fore the reiiftance in that cor. is to the weight here 
demonftratcd (ceteris pjaribus) that is, to the force : : 
as 4- to 4- •. '. thnt is as 2 to 3, at lealt *, and increafmg 
thedenfity, the force is iricreafedin the fame ratio. 

fib let CF and DF.] It is neceffary to allow as 
much time for the meeting of the particles of wa- 
ter (at the axis of the folid from the fide thereof), 
afttr they are pad .the folid^ as for their feparation 
. before they cpnie to k. Now fuppofe this to be the 
cafe of fig. 4. In the time that a particle paffes > 
:from H to P, the fame particle with the velocity 
in P, will in th* fame time defcribe 2HG, and 
therefore muft pais twice as far to arrive tQ the 
axis again. Whence in fig;.' 6» the particle F muft 
be twice as far frpm CD, as.E from AB ; but the 
height of FCD zi 2 height of AEB, by conftVuc- 
tion. For let z^ y zz z ordinates to x zz -JAB ; 

fCon I. Pr. 38.J the 'demonftration is the famiE? 

with" that of cor^ i. pr. 37. ' 

[Con 2. Fr. 3H.] Let denfity of globe : denf. of 
'fiuid : : d: I,. . Then d X ^ diameter of the globe 
rz fpace fallen,, and d x t diam. globe zz Ipace it 
defcribes afterwards, in the tinie of its. fall. Then, 
becaufe forces (which generate a given motion), are 
reciprocaily as the (times, that is reciprocally as the) 
fpaces wb'ch any bady dci'cribes with the fame uni- 
form velocity. Therefore, tlie force of the globe's 
comparative weight, fwhich generates its motion^ 
in t!ie time it cicfcrib^^s d K ^ dirim.) : force that 
generates the fame motion, (while it defcribes 

-t diam») 
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^ diamO : : I diam. : ^ X 4^ diam. : : r : ^ : : den- Fig. 
fity of the flu;d : denfiiy of the globe. There- 
fore, fee. 

(Cor. 3. Pr. 38.1 The velocity being given, the 
motion M is alio given ; but (by rhia Prop.) refift- 
ance X d zr. force, which will generat/e the motion 
M (in the time of moving -i diameter) \ but this 
force muft be n refiftance, which will quite take 
away the faid motion M (in the fame time of mov- 
ing ^ diameter). Now augment the time of mov- 
ing (preferving tTie velocity) in any ratio, (let it 
.r= T.) And this laft refidance ^which will quite 
take away the faid motion M, in the. time T) will 
be decrealed in the fame ratio (3: R). Therefore 
.f and R are alfo given. 71ierefore by cor. 7, &c. 

[Cor. 4. Prop. 38.J for let M =: 4 diameter in 

the time T 5 and becaufe (by fup.) -/,; — n -^M, 

1 +/ 

therefore T zz t. Now (by cor. 7, pr, 35.) it will 
be(^==)x:(log.— ±ix2,.3, &c. ;;: log. 2 x 2, 

ty &c. =:) y6g^ : : -^ diameter : 5;54r5 diameters, 

3 
which is lefs than tv/o diameters. Now that M 
ought to be =r t diameter in the time T is plain ; 
for it is required (by cor. 7. pr. 35.) that the re- 
fiftance R quite takes av/ay M in the time T. But 
(by this prop. 38.) the refiftance (z:: force required) 
will juft take away the motion M in moving ^ dia- 
meter. But if T be any other time than that of 
moving -J- diameter, then the force to defl;rQy M 
in that time will not be zz refiftance, but greater 
or leffer than it. 

[Prop. 40. let the globe, &c.] This is calculated 
in Prpb. XiV. of my book of Fluxions. In cor. 2. 
of that rrob, G, H and N arc found, and thence 

E 4 ■ the 
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^^S* the velocity = H, where H is the greatcft 

- N + 1 

velocity the globe can acquire, in falling in the 
fluid ; and the height fallen comes out the fame 
in value with his^ but in other fymbols j but the 
one may be ealily reduced to the other. 

[ib, the numbers in the fourth column, &c.] 2F is 
the fpace defcribed in the time G with the greateft 
velocity H, (by the Prob.) therefore, G : 2F : : ^ 

P : 2— F z: the fpace defcribed in the time P with 
G 

the greateft velocity, the numbers in the fourth co» 

lumn. 

[Sch» Pr* 40, and any other globe, /&c.] that is, 
the magnitude qf any body OC - the excefs of its 
weight in vacuo above that in water. Or 132,8 ; 
I : ; this faid excefs : magnitude of the globe. 
Hence, Diameter globe (in Exp. i.) =0,84*224. 

[ib. Exp* I. but this fpace, by reafon, &c.J to 
demonftrate this, it is necefTary to premife, that, 
'the greateft velocity wherewith a globe can defcend 
hy its comparative weight thro* a fluid in a canal, 
is that which it may acquire by falling with the fame 
weight, without rcfiftance, and in its fall defcribing , 
a fpace which is to ^ diameter as w«*J, to iK Put- 
ing denfity globe : denfity fluid : : d : i. and I — 
orifice of the veflfel, N :::= /■— great circle of the 
globe, m z:z I — I great circle. For (as in cor. 2, 
Pr. 38.) the fpace it afterwards defcribes (in the 

fame time of its fall) =z f^ x I diameter ;■;;; then 

, the force of the globc*s comparative weight (which 
generates its motion, in the time it defcribes 

^!Z^ X T diameter) : force (that generates the fame 

uiotion in the time it defcribes - y diimeter) : s 

(l-dia^ 
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(Idiamctcr : ^ x | diameter : :) ^ : mn'd 5 thcre-'^^S- 

fore (by Prop. 39.) the refiftance of the globe =: 
force rf thjc globe's comparative weight (which ge- 
nerates this motion in the time it defer ibes — -. 

X 4 diameter, or falls -—T y^'J^dixdm.) And there- 
fore this force cannot accelerate the globe. ^. E. D. 
Now, 

By the experiment ; 2F n i x y diameter; but 
the fpace the globe uniformly defcribes fwith the 
grcateft velocity wherewith it can defcend in the 
canal or veffel, and in the time of acquiring it with 

ks' compound weight) = ?_ x — . diameter = 
-j-X 2F =__ X4.425'- Alio v/95,'219 : 

X G = y^ X 0,15244 (by the laws of falling 
bodies) =: time of acquiring the greatcft velocity. 
And therefore fj*!^ X G f =:time) : ^ X 2F 

(= fpace; : :) G : ^ ^ x aF : : 4":-^ J^X 

^ = (fpace defcribed in 4"} = ^ J^ X ii6, , 

1245. Subduft ^^- X 1.3862944F = !^ X 

3,0676. And » y« X ..^,.245- jV^ X 
3,0676 = fpace fallen In the fluid, ::; 116,1245 
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'S' — 3,0676 X !L.'~i nearly, as the author makes 

it, / ; ' * ' 

[ib. ex^ 13.] This and the following are upon the 
fame compucation as the foregoing exptrimepts in 
>vater, to wit, the theory of non-elaftic fluids ; the 
reafon is, becaufe .he confiders fluids as elaftic, 
whofe parts are difcontinued, &c. fee Sch. Pr. 35. 

[ib: pa; 160. equal to — --, &c.] This is plain 
from what follows, afterward?. ...For let a fpace : 

/Tec ' 

4D.: : 860 : i ; this fpace =r — — D zz 22930, 

and this fpace the glob^ moves in the time T, ^vlth 
velocity V ^ let therefore T zz 2253, and / = -i. 

Then, motion lofl: = - — * iz — ~ V ; note 

2293 +t 4587 
/ ( r: i) is not fenfibly increafed, by the refiftance^ 
in moving thro* fD ; and hence I have taken it. 
for the fame. 

[ib. let D be the, &c.l for, put denfity globe : 

OJ 

denfity fluid : : ^ : i -, alfo let the fpace ~D=S* 

3 
Now by Prop. 38, ^/x refjfl:ance zr force, which ^uni- 
formly continued;) will quite deftroy its motion, in the 
time it moves ^D •, therefore d x refift. will quite take 
away its motion, whilft it moves -j-D-. But (becaufe the 
force of that refiflance and the time of its aftingare 
reciprocally proportional), the refiilance the globe 
meets with will quite take away its motion whilft 

it moves (with V) ^D = S. Therefore (by cor. 7. 

3. 
Pr. 35.) the globe in the time T (of moving S^, 

meets with a rcfiftance R, v/hich will quite deftroy 
its motion V ; therefore in the- time /, it will lofc 

— £_v,&c. 

T + / 

SECT. 
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Fig. 
SECT VIII. 44- 

[Pn 42; and becaufe the motion of the 
waves, &c.] Let the waves A, B, C move from 
A towards C, and fuppofe' the water to defcend 
from the^verrex C into the hollow E, and thence 
up to B, which it will do fuppoling the vertices 
A, B, C to be of equal altitude ; alio let the wa- 
ter defcend from B to D and afcend to A, &c. 
Now lince the water in the vertex B defcends to.- 
wards D, at the fame time that other water (that 
had defcended from C to E,) is afcending to B; 
therefore the water will be lower at the point B 
and higher at the point b than before ; and con- 
fequently that the vertex of the wave B will be 
transferred towards C. Therefore the vertices 
Cand hollows and any correfpondcnt points) of 
all the waves .will move from thence towards C ; 
therefore the waves will be carried on by the de- 
flux of waterdown CE, BD ; and the accumulation 
thereof, on EB, DA. 

[Pr. 4^. 'cafe i.- at nearly equal diftances, &c.J 
they let forward ac equal diftainces, and continue 
fo,' becaufe they tnovd with equal velocity, as ap- 
pears by (the demonft. of cafe i, 2, 3 of) Prop. 48. 45* 

[Pr. 46. becaufe the motion of the waves is. car- 
ried on,^ &c..] Let A be the vertex of a W2(ve. 
The flijid ix. b is more preflcd. (by reafon of a 
greater depth of incumbent water) than d ; there- 
fore that greater preflure caules the water to reced« 
from b in all direftions, and to afcend at ^; 
therefore the vertex of the wave is now in c. 
h\\o a greater prefllire of wMer propagated from 
d to/, caiifes the watej* to defcend at c and afcend 
at €^ thcn-efore the vertex of th^:- wav^^ moves 
along a^ c, e^ &c. And this it vvill always continue 
to do, if at firft any force is fuppofed to be applied 

10 
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Fig, to the fide gba^ to hinder the afcent of the water 
there in like manner as it afcends at c^ €\ for 
then the fide gba will be afterwards always def- 
cending^ and the fide aa afcending, without the 
continuance of fuch force, 

[ib. tranfverfe mcafure] is tncafuring along the 
furface of the water ; as is plain from the dcmon- 
ftration. 

46., [ib, cor. 2. rather performed in a circle] as in 
the note on Prop. 42. But if the breadth of the 
waves be meafured^ not in the right lines uci^ but 
along the furface of the water (becavife the deflux 
of water thro* ^, c^ a is made in a curve line near 
a circle), then the time mentioned in the prop* 
will be very nearly as it is there affigned. 

47. [Prop. 47,] fig. I. pL 9. is wrong, it fliould be 
thus ; (and the original is wrong too,) where 4 JW» n^ 
ftand at N, M, L. 

Cib. — with thofe of an ofcill^ting pendulum.! 
ib. according to the law of a pendulum olcilL J 
for, by Prop. 52. lib. i. fpace defcribed by a pen* 
dulum, in the time P! -, is to a whole vibration \ 
as the time PI, to the time PIS ; and to two vi- 
brations, as PK to PHSP, and the accelerating 
force of a pendulum, is as its diftance from the 
lowefl: point. See cor. Pr. 51. 

£ib, that is, (becaufe HL — KN is^ &c.] that is, 
HL — KN : HK : : OM : OI. 

[Pr. 48. cafe i. diftances of the pulfes, &c.] 
the diftances of the pulfes in one medium be 
zi diftances of pulfes in the other. 

[ib. and therefore the pulfes ; j hence it appears 
that the correfpondent parts in both mediu.ns, 
(vibrate or) go and return together, or in equal 
times, tho* one makes longer vibrations than the 
other. Bur (by fuppcficion) the diftances of pulfes 
in both mediums are equal 5 and the pulfes in 

both 
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both are tranflated tbro'thefe equal diftances in theFig. 
times of the parts of the medium's (vibrating or) 
going and returning^ which dmes are proved equal ^ 
therefore the pulfes in both mediums move equal 
diftances in equal times> and therefore are equally 
fwift. 

[Pr. 48. cafe 2. then will their contraf^ions, &c.] 
be equal, in equal fpaces. 

fib. and moreover, &c.] for ipace OC 
fquare of the time ^^^ ^^g. ^^^^^^ ^^ generated 

nutter j^ 

by accelc rarivc forces), and time OC v^fpace x 
v^matter OC \/fpace x Ipace OC fpace. 

[ib. Cafe 3. the time which is neccflary, &c.] for 
fpace OC P ^^^^ X fo''^^ OC P ^^^^ X force ^ 
matter dcnfity 

Therefore if the fpace be given, time a V-^" ^^ 

force 

Therefore velqcity oC ^j^ OC ^^^^ 



time -^ dcnfity* 

(Prop. 49, — rati o of P O to A conjundtly 5] 

that is, time J l!^^ OC --=^, when the 
force -v/torcc 

quantity of matter is given, (this in accelerated 

motions). Then time of one vibration by that e- 

l^ic force : time of one vibra tion of a pend ulum 

PO, b>' the weight : : v/VV : y/P61< A, and 

time of one vibration of PO^by the weight : time 

of one vibration of A : : v/PO : v/A. Therefore, 

&c. 

£ib. — of the going and returning] of the pen- 
dulum PO. 

j-ib. — of one ofcillation compofed of the going 
and returning,] of the pendulum A. 

Lib. 
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Fig. [ib. cor. i. — to its circumference.] For (Me- 
chanics, Prop. 24.^ diameter. : circumference : - 
time of fall thro* 4^ radius : time of one vibration. 
Therefore as radius : circumference : : time of fall 
thro' i radius : time of two vibrations. 

[ib. cor. 2.] for velocity OC %^ OC — OC 
. time y/A 

v/A OC y ^i2f^. By elaftic force he means, 
denuty 

that which arifes by heat, as well as that arifing 

from the compreffion. 

[Prop. 56. Let the number] of the double vi- 
brations, &c. 

[ib. Schol. in the fubduplicate ratio of the defc6l 
of the matter] that is, of the quantity of vapour 
or watery particles. And (by Prop. 49, cor 2.) 
the velocity w ill be increafed as (the y/denfit'y 
that is, as) the v/quantity of true air in a given fpace, 
is decreafed. 

[ib. near 100 pulfes in] This computation pre- 
fuppofes, that thofe vibrations of the ftring are dou- 
ble vibrations, or vibrations compofed of its going 
and return. 

S E C T. IX. 

[Prop, 51, but the differences of the angular 
motions, &c.] thefe are as the difference of the ab* 
folute motions round the axis, that is, as the dif- 
ference of the abfolute tranflations, or as the re- 
lative tranflarions (which are thofe here fpoken of) 
direftly, and the diftances inverfely. 

[ib. of quadratures of curves, &c.] LetS£)zz y; 

Vd = j; then Dd OC — f = ~) by cdn- 
ilrudion j therefore;- = -1 ; and w = h^^x-. and 
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hx~^ — - h 

= =: area ; therefore area OC i nDiO. - 

— I ^ ^ ^^ 

[ib. cor. 3:} In a given .time let the parts i, 2, 2, q 
of the fluid defcribe the fpaces ir, 2J, 3/; take ''' 
away or add the equal angular motions in^ 20^ ^p ; 
fo that the fpaces «r, os, pt be defcribed in that 
given time ; now whether the points f , 2, defcribe 
the fpaces ir, 2 J, or «r, os ; the tranflations at the 
end of the given time will be zz si ; alfo if 2, 3 
defcribe 2J, 3^ or osy pt^ the tranflations at the 
end of the given time will be the fame in ei- 
ther cafe, viz. = ut ; therefore the tranQations 
being equal and the attrition aifo, the motions 
will be continued. - ' 

[Pr. 52. cor. 8. about any given axis] paffing . 
thro* the globe ; the relative motion of the parts 
of the globe and fluid are the fame ftill, there- 
fore, &c, 

[ib. cor. 9. femidiameter of the globe;] let BC4Q. 
be a plane, D a point of the veiTcl, A a point of * 
the globe 5 then period/ time of A - time B ; : < ve- 
locity B : < velocity A ; and therefore time A- 
+ time B : time A : : fvel. B -f- vel. A z= ) <; 
vel. A from B : <: vel. B : : time B : time A from 
the plane BC fto BC againj : : CB* : CA\ But 
time B from DC zz dme D from BC ; therefore, 
time. D (from BC).: time A (from BC; -j : CB*>t 
CA^; as it fhould be by the prop, and cor. 8. 
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[T)ROP. 3. the adion of the fun, attrafting, &c,] 
Jl fee cor. 7. Pr. 66. lib. i, or cor. 14, where 
KL is OC FT nearly, (^SK, or ST being given) 5 
and the force TM in its mean quantity, is = 
FT^ nearly. 

[Frop. 4. and the fpace which a heavy body 
defcribes] by falling in i'' : half the length of the 
pendulum (z= -radius) : : fquare of i'' : fquare of 
the time of falling thro' half the pendulum : : 
(Mechanics, Frop 24.) fquare of the circumference: 
fi|uare of the diameter. 

[ib. pa. 2 1 6. line 13, the mean dillance of 60 
diameters] it (hould be 60 femidiameters, as it \% 
in the original. 

[Frop. 6. p. 222, — fubduplicatc of that propor- 
tion, as by fome computations I have found,] /. e. 
as I found by making fome calculation. 

For let K be the diftance of the Sun and Ju- 
piter, d the greater force, e the leffer ; then to find 
the diftance x where d may be diminiftied to e. 
Bccaufc the forces are reciprocally as the fquares 

of the diftances, fay JL. i L: : d : e : : x^ :K\ 

And a: : R : : \/d : v/T; therefore at the diftance 
Xj the weight d (of the fatellite^ would become 
equal to e ; and the center of their orbits^ would 
not be in Jupiter, contrary to experience. And 
if the force of the fatellite was lels 5 by a like 
computation, the center of their orbits would be 
nearer than Jupiter, alfo contrary to experience. 

[Prop. 
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£Prop. 8, con i. and , ^ rcfpcdivcly] this S* 
fliould be — , or rather 



196282 ^94075 

[ib. at the diftanccs loooo, &c.] thefe arc as the 
diameters ; and the apparent diameters are found 
by aftronomical obfervation ; which X by the pro- 
portioned diftances, gives the ratio of the real dia- 
meters. 

[Pr. 8.. cor. 4. —of fo much the greater den- 
lity.J This is not generally! true, as appears by 
cor. 2 and 3. 

s *[ib. cor. J. — truely defined.] This is demon- 
ftratcd in Gravefand, Lt IV. p. 232, 3. See Ap- 
pendix, p. 20. 

[Pr. 10. lofe almofl. a tenth part of its motion. J 
For by Schol. Pr. 40, p* 160, it is, i ': 860 : : 4 ; 
2293.3^ 1" ~ fpace dercribed in the time T ; put- 
ting D =1, V = I ; and T : / : : 2293.33 ; 

2293.33 .— := fpace (uniformly) defcribed in the 
T 

time/. Thentpa. 161.)— : 2,302, &c. X Log, 

T + / ' / 

,— _ : : 2293.33 ~: 229.5-, therefore 2293.33 

X 2.30258 X Log. —^^ =229.51 and log. —3: 

— ,043461 5 and therefore — ^— = '•10515 and 



= JL t and 
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nearly. . 

{ib. or as 75 (o'^) td i nearly.] In fig. 3. pi. 5. 
L. II. Let SA zi rad. earth zz 20949674 feet. 
AB = I. AF =: 260 miles 1= 1056000 feet 5 then, 
by cor. pr. 22. II. A^ — B^ : A^ — F/ : : ^hin : 
tbHZ I thatis, AB x SF : AF x SB : : or i : 1005325 
" F :: 
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Fig. : : ^bin : tbnz : : (by fch. pr. 86 hyperbola) jog. 
AH — log. BI : log. AH — log. FN; becaufe 
water is 860 times denfer than air, and the incum- 
bent weight of the atmofphere at the furface of the 
earth is about n weight of 33 feet of water; 
therefore the weights (and confequently the den- 
fities) in A and B, are as 28380 and 28379 ; whence 
AH or S/ = 28380, andBI or S» iz 28379 ; and 
log. AH — ' log. Bl zz ,0000152; log. AH = 
4.4530124 ; therefore 1 : 1005325 : : ,0000152 : 
4,4530124 — log. FN; and log. FN =: — 11,1730. 
And therefore FN =,000000000015, and denfity 
in F : denfity in A : : 15 : 28380000000000000 : : 
or as I : to a 80CO00000000000, which is lefs than 
• . 1 to 75000COOOCOOOO ; but the computation will 
vary as the radius of the e^rth, the denQty of wa- 
ter and air at the earth, is fuppofed to vary. 

[ib. and hence the, &c.] as before (by Pn 40. 
Sch.) fince denfity of water : to dehfity of air 200 
miles from the earth : : 645 (o**) : i. Space dc- 

fcribed in time T =z 172 (o>s). And _ : log.' 

T^ X 2.302, &c. : : 172 ^0*5) X ^ ( z: Ipace 
defcribed in time /) : 2792250000 1= fpace Jupiter 
defcribes in 1000000 years. Therefore log. —if 

= ,00000000705. And _-JIL zi 1.CC0000017. 

rp 

And =: y9999999Sb. And 



,000000014, which is lefs than I . 

1000000 . 
^[Pr. 13. are ahnoft as 16, &c.] for (by this and 
cor. 2. Pn 8.) accclerative force of Jupiter towards 

Saturn : 
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Saturn : accelerative force of Jupiter towards theFig' 

Sun : : 25 X -^ : i6x I : : 81 : »<^x8iX302i ^ 
. 3021 , 25 

[Pr. 14. Sch. And hence we may find, &c.] For 
"by cor. 7. prop. 66.' I. The apfides of their orbits 
move in confe(!|iientia. And by cor. 16, of the 
fame, the motion of the apfides of the body P 
f plate 21* fig. 2.) will' be as the periodical time of 
P direftly, and the fquare of the periodical time 
of T inverfely, that is, as the periodical time of 
P (becaufe the periodic time of T, round S, or of 
the Sun round Jupiter or Saturn, nr (which is the 
fame thing) of Jupiter or Saturn round the Sun, is 
given) ; that is (by prop. 15. I.) in the fefquipli- 
catc ratio of their diftances PT, 

[Pr. 19. in the duplicaxe proportion of the.rad. 5O4 
to the cofine of latt.] For (by cor. 3. pr. 4. L. I.) 
centrifugal force at the equator : centrifugal force * 
at a from the axis ( ~ ab) : : rad. : cof. lat. : :r : c. 
Alfo the force direftly from the axis : force direftly 
from the earth : : ab : htwrxc Therefore, tx 
gquo, centrifugal force at the equator : centrifugal 
force direftly from the earth, at ^ : : rr :'cc. 

pb. but by computation (frotnl Let GC zztzz 5^« 
loi, BP r: C r:: iCo. PE zz x. Then will ED*= 

(Lx^l^^=^^. AndER'zzPD'— ^ — !lx* • 

€C £ ^f 

+ xK And ER - /iLx + 'f~IL x' zz (fup- 

pofe to) ^""r'x — sx\ Whence the fluxion of the 

area PORE is zz r\x — a* '^ x zz rx^x — '— x 
^ 2r 

\^^l^x -J^^x^Jl^!^x-Sic. And 
2.4r5 2.4.6r5 2.4.6.8^ 

the area PQRE zz^ rxi— — — ■—-. 

F 2 — 
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Fig. _i:5i2^ _&c. = ir,\ - iil A + iil 
ii.4.6.8r7 2.5r* 7.4r^ 

B + 7±«c.+ -9±i!^D + &C. =(putung:^ 
g.or^ 1 ! .o.r IT 

= ?) ^ rxi — A Ay + ^ Bj + ^V Cy +44Df 
+ &c. = (when x z= r = loo ; and j being = 

ff, ^^ = ,0201. And r" — — — 102,01. zz) to 
cc c 

€693,39. And PBM = 5000- Whence PQRM 

= '693.39. Therefore by cor. 2. pr. 91. 1, force 

of the fpheroid : force of the fphere : : (when P 

J A • ,1 N AC AS X PQRM AS .. 
and A coincide) Ab — 1> >: : _. : : 1— 

PQRM _ 4x1693.59:^::, ^008:,:, 

CS' 10201 

J26 : 125. 

[ib. p. 243. if the denfity, &c.] this will appear 
by confidering what went before, and cor. 3. pn 
91. I. 

[ib. but if the diurnal, &c.] for the (centripeul 
or) centrifugal force, is as the fquare of the velo- 
city when the rad. is given. 

[ib. 244. — • augmented in proportion as the force . 
of gravity isdiminifhed.] for, reviewing the former 
calculation •, if the denfity of the earth were greater 
than it is \ the force of gravity, to the centrifugal 
force, would be greater than in that proportion of 
289 to I ; (and the two diameters would be in a . 
lefs proportion than 289 to 288 j and alfo the dia- 
meters would be in a lels proportion than 230 to 
229 confequently the ratio of the difference of , 
the diameters to either, decreafes as the gravity in- 
creafcs. And on the contrary, that ratio increafca 
, as the gravity decreafes. And upon this depends 

the foregoing proportion, as -1- : — : : .JL : - 

505 loo 289 ' 
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£ib. line 11.3 readi? x 122 x -LtOT. In^^g* 
5 944- 229 . , 

the Originali 2d edit, it is 12 x -i- X — to i 

5 » 229 
«r as I to 8. 

^[Prop. 20. Whence arifes this Theorem] for let ct. 
ntyn be a circle ciraimfcribed round the eHipfis 
»byl. Then kbm '.fic{-)abd:: kt' :fg\ And 

*^ = IF^^* ^"' becaufe it)&» and kt are given, 

•and hd =: "(nearijr to) 2*/ which is given. There- 
fore ah OC fg"- } but the difference between the 
weight at n and «, is as {i«f — ^/ = ) ab. There- 
fore the increafe of weight is as^% or the fquare 
of the fine of lat. at /?, nearly, or (by tf-igonome- 
try; as the verf. of %an. 

{ib. and the arcs of the degrees, &c.] The 
length of a degree is OC rad. of curvature, and' 
in the points « and <&, are (by ex. 1. pr. 19. Sed. 
II. Curve. lines; as the parameters of »y and hl^ 
that is, as bh to »jt3, or 229* to 230', that is, as 
^^il to 57382. as is inferted in the Table, 
page 247. 

But to find the rad. curvature at ^ ; we have (by 
Ex. 2. Prob. 5. Sea. II. Fluxions) »H =jk -f 

— T, — y^ J and therefore (putting s for the find 

of the a ngle n tb) j rad. curvature «C at ^ s: 

•J + — TT — T — ( becaufe ^ is a given ratio,/ 



s 



R + fiS^ILRyjr, very near, R being the radiu* 

abb 
of curvature in «. And therefore the increafe dT 
. this radius, which is as the increafe of the degrees, 
is asjjy or ss nearly. And here a— ^ being' very 

Imall, 1 — rr~^» ^ *" extremely fmall quantity. 
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Fig. [Pr. 23. -M- which I cannot here defcend to ex- 
plain.] Since the moon's orbit is more excentric 
than thofe of Jupiter's fatellUes, the motion of the 
moon's apogee will be greater in proportion, than 
the motion of the apogee in any fatellite. 

S3* U^^' ^?' ^^^ ^^^^» ^^'1 ^^^ ^^^ moment of 
• the area is OC cb X ad. But ad OC angle icd X 
cb zz horary motion X ci. Therefore, area oc cb^ 
X horary motion. 

[Pr. 28. But the attraftion of the moon ;] for 
let A 3: attraftion of P towards T. Let the at- 
traftion or force LS be refolved into the two, LM, 
SM ; the firft afting towards M the latter towards 
S. Then , the whole attraftion of P towards T is 
A — ST + LM — TM. Let A — ST =: F. 
Then the attradi-ion of P towards T in the fyziges 
is F— ^2AT i and in the quadratures F+CT. By 
prop. 25; F : ML : : 178725 : 1000. And the 
forces 2 AT, and CT, will be to each other as 

2000 AT, and 1000 CT, that if, as -^^22£_, and 

CTxN 

1000 . ^^j the force F in the fyziges and qua- 



ATxN. 

dratures will be as 178775 directly, and the fquare 
of the diftance from T reciprocally. I'hcrcfore, 

&c. (Note, +J^ is falfe printed for— -i:^2e., 
CTxN \ CTxN 

in line 10, pa. 268.) 

fib. — Quadrature in C; or; which — ] for 
CTP : CT/> : : angular motion of the moon from 
the fun's quadrature : to its angular motion from 
the fixt point C, tliat is (becaufe the given circum- 
ference, or one revolution, is to be defcribed in, ci- 
ther cafe) : : periodic revolution : fynodic revolu- 
tion. 
. . [ib. But by computation I find,] with the radii 
^^* TA, TC, defcribe the cijrcles Ak, Cic. And let 

AZ 
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AZ Cz, touch the ellipfis in A and C. And take AlFig. 
to Ar, and Ci to Cf, as <: CTP to CTp (fig. 5. 5+. 
pi. 10.) Now in order to detenitine the curvature 
of the orbit, fuppofe the point i? to coincide with 
A, and draw the parts of "the orbit ARO, Croj 
which will pafs between the ellipfis and circle j for 
TO or TE is left than TL, and greater than (TA^ 
or) Tc. And To ^that is Te) is lefs than TC or 
Tf, and greater than T/. Draw the lines TB, T^, 
fo that AB =: C^. And let the points A, 1, C, 
and alfo C, /, c coincide ; and the curvatures of the 
ellipfis, orbit, and circles at the points A, C, ^ill 
be refpeftively as BE, BR, BI, and ^^, br, hi. 
Apd the difference of curvatures of the ellipfis and 
circles, and of the orbit and circles in A, C, will 
be as EI, RI, and eiy ri^ refpeftively. But RI : 
EI or OC (becaufe TE = TO, and TI = Tr : :) 
AP : Ac* (Lem. 1 1. I.)::CT P^ : CTp\ Whence 

OC or «, or be -- hi : 1 C/' : Cf' : : CTP' : CTp*. . 

— CTP* 

Whence ri = be—bi x ~^.. But in the o TA ; 

C 1 p* 

BI, AI or AB, and 2AT are -11. And in the 
O TC ; bi^ Ci or C^, 2CT are f ; whence BI = 

:^ i and bi ,= -^. Alfo in the ellipfis, BE X 
2AT . 2CT 

2 AT : BA* : : AT* : TC*. And ^^ x 2CT : bO : : 
CT* : AT*. Whence BE = ^^'jL^T. . And be 

iiC'vCT 
=:' — — — . Now from hence, the curvature of' 
2AT* 

the orbit at a : curvature of the orbit at C : : BR 



AB* 



or BI— IR : br or bi + ir : : llZ- — El — BE. 

2Af , 

F4 ; X 
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CJy atx* CT/>* 2AT 

£I^-BI+BE:-^X^5>l + ^.-&-: 
CI P* aCT* CTF* 

AB* CTp'_ AB* BA'xAT . O' 
aAT C#TP* 2AT 2TC' ' 2CT» 



CTP» 2AT* 2CT ATxCTPV 

_L + ilL • ^Tj>» 4. £1 — _L . • 

AT 1 C* ' CTP» X CT» AT» CT * ' 

CT/)* — CTP' Alj . CT/>'-^TP* CT^ 

ATxCTP* TC*' CTxCTP* AT* 

- = AT' + £I>^=£ir X ATxCT» :CT' + 

£2}^^XCTXAT-. 

55- [Pr, 29, The tangent of the angle CTP, &c.] 
On the axis DC defcribe the circle CdD^ and let 
the line Ti revolve uniformly to d^ in the fame 
time that TP revolves to A, and defcribes areas 
proportional to the times in the ellipfis CAD. Draw 
ie II to dT^ and draw T^, TP, Since the circle 
and ellipfis are defcribed in equal times, parts pro- 
portional to the whole will be defcribed in any 
equal times ; now area ellipfis : area circle : : TA : 
Ta { = TC; ::eP:eb: y(^PC + ^PT =:) TPC : 
{ebC + ehT zz) TbQ. 3 ht refore the point in the 
circle is at by wljen the point in the ellipfis is at P. 
But TA : (T^ =: ) TC : : ^P : tf* t : tangent < 
/TP : tangent <! eTb (=<Z of the mean motion.) 
[ib. Square of the fine of the angle CTP.] Thefe 
things are plain from prop. 26, where Pd (fig. 4.) 

is the excefs of the moment, and is as , 

PT 
S6, [ib. which we may effeft, '&c.] Let A be the 
area defcribed by the moon in any time, arch 

CP 
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CP = 2i, r = radius TC. PK —y, TYi^ i^Fig^ 

t = tan. PTC. Then A = ^ = v;^, and A =: ^^' 

r 

Fl \jx = area CPK. But TPC expreffes the 
mean motion, and therefore TPK is the equation, 
which is as TK x PK or uy. ^ 



But by the nature of the circle^ z zi 



rrt 



and fince / is in a given ratio to /, (or as .3123 td 

6g^) therefore z is as , , • ■ or — r- , ' X TK 
rr^tt vrr+tt 

or^^xTK, or as «y. Therefore decreafmg the 

tangent in the fubduplicate ratio of 11073 ^^ 

10973, or in the fimple ratio of 6^ to 68, 6877 ; 

acc6lerates the area in proportion of PK% as it 

ought to do. 

[ib. — in a proportioft compounded of the dupli- 
cate, &c.] for (by cor. 16. pr. 66, L. I.) all angu^ 
lar errors are as the fquare of the time of the moon*s 
revolution, direftly, and the fquare of the time of 
the earth's revolution inverfly •, that is (by pr. 15* 
L. I.) as the fquare of the time of the moon's re- 
volution diredly, and the cube of the earth's dif- 
tance from the fun inverfly. 

[Pr. 30. And this force by prop. 25, is, &c.") 
The force 3PK : force ML : : 3IT : PT (for thefe 
are the fame) and force ML : centripetal force by ^ 
which the moon revolves, &c. : : i : 178^^ (by 
pr* 25.) therefore ex equo, force 3PK : centripetal 
fofce the moon revolves with : ; 3IT x 1 : PT X 
1 78!-^ Or as IT : rad. x 59^57 5- 

[ib. the half of which the moon] it (hould be^ 
which the moon, by the aftion of the faid force, 
as it is in the firit edition. 

[ib. And the angle PTM is equal to the angle, 57. 
&c. I for in this caie LM is perpendicular to MP. 
Let PR be a tangent to the point P j then the tri- 
angle 
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Fig. angle RPT is a right one ; and angle RPM = 

57. angle PTM. And angle LPM : <: f RPM =: ) 

PTM (when the radius is PM) : : LM : RM : : 

force producing LM : force producing RM : : i : 

69^575' 

[Pr. 31. cor. and the decrement is to the re- 
maining motion as 100, &c.] The motion of the 
nodes in the oftants : motion in the fyziges • : : 
11073*: 11023*: : (becaufe 11073,11023,10973 
are in arithmetical, and nearly in -jf progreflSon) 
11073 • ^09735 and decrement : remaining mo- 
tion : : (11073 — 10973 =) 100 : 10973. 
58. [ib. but the decrement] for the decrements arc 
as the* forces and times, or as the whole motions 
and times ; that is, decrement at H (or increment 
at b) : decrement at A : : mot. at H, and time : 
mot. at A, and time : : (that is, by what went be- 
fore) as mot. at H X }y—irr : mot at A X rr — ^rr " 
(or mot. at A X irr.] This reafoning b6ing very 
obfcure, you will find the motion of the nodes 
clearly inveftigated, in (Prop. V. Sect. VI. and cors. 
of) my Aftronomy. 

[Prop. 32, it is drawn back again • that is, fup- 
pofing the .place of the node given. 

[Prop. 32. Now the area of the femicircle] For 
let NT = 1, AZ = y, TZ = x. Then eZ zz 

t , and Ae ( AZ - eZ) = 12^71 

9.0827-1-^ ic.o62 j+yy 

Butyy = i—xx, therefore Ae = 9:o827v /i— ^y 

10.0827 XX 

i?—xx ' b bb b' 

&c. X into \/i-xx, putting b zz 10,08276, and 

I XX x^ 

the fluxion area N Ae = />— J X"—. + yr- + -7-, 

b bb b^ 

&c. 
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&c. X xV'i — XX \ whofc fluent (by form 17. Flux- Fig. 

^°"^> = f + i^+8F«'^-x^^-^(P"'^ 

ting (p zz quadrant or ) tz .92435 (p, there- 

fore half the area NF» z= .0^5651^. Ai\d the area <p' 
(or quadrant) is to the area --^ ; or the femicir- 

cle, to the whole area NF» ; as i to..07565, or as 
793. to 60. * 

[Prop. 33. will nearly agree with] let N =: 19 
49 3 55^ P = periphery of NA» or DFB, E the ^ 
equation, S=:S.2NA. . 

Then N A Z' reprefents the mean mo*tion of the 

nodes for the arch N A, as N does for the whole 

circle ; and NAZ is the true motion ; and ATZ 

, is the difference proportional to the equation. 

Divide by ir^ and then ;> : ^ : : N : E, orp:^ 

r r 

; : 4,N ; E, that is, ;> : S : ; -l-N : E ; whence if 
BF = 2NA, then (by conftrudion) AD :'CD : : ' 
p : 4rN :' : S : E. Suppofe S an arch in DF, then 
360 : ^N : : degrees in S : E ; but deg. in S (in 
the circle DF) : degrees in DG (in the circle DG) 
; : AD : CD : : (by conftruftion) 360 : ^N in de- 
grees : : degrees in S': E; whence the degrees in 
PG-zi: E ; or the angle DAG zz equation. 

fib. cor ] for in the fyziges the areas ANZ and 
^NZ vaniih ; * and N A is 90^, -when they arc in the 
quadratures ; and when in the oftants, the fine of 
BF = S.g6 zz i ; therefore, 

38.3 — 1.58319 

Rad. — 10, 

I — o 



S. < A (i^ 30O 8.41681 , 

" [?r: 
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Fig. [Pr. 2. pa. 291, and by the demonftration] the 
angle ATM will be the diftance from the nodes 
true place, by conftrudtion. Alfo the mean mo- 
tion of the fun^ in the time NA : mean motion of 
the node from the fun, in the fame time : t (rnean 
annual motion of the fun : mean annual motion of 
the node from the fun : : Cby Pr. i.) area of the 
ellipfis : area of the circle : :) TBN : TFN ; but 
TEN was the mean motion of the fun in the time 
NA ; and therefore TFN is the mean motion of 
the node from the fun in that time N A ; and FTNT 
the angle of the mean motion, or the diftance of 
the fun from the mean plane of the node. 
^^ |ib. cor.] for let atn zz.ntb z: 45% and/^ -^ to 
*^' at ; then/r is the fine oifta^ the Ahfcb and b$h are 
fimilar;. therefore fc :fb : i h : bb ; and by com- 
pofition,/& : r/, ov at : i bf\fc\ and by inverfion 
fc is to at or kt : ifb \Jh or ^ : : AH : H» or tk 
+ /H. 
, [ib. but the fine ofj di'aw 0% -t- to it, then .0% 
is to/c in a ratio compounded of {or to fb or of) 
^^ ^^fgy 2-nd (the fine of orz or tn to the fine of 
fbc or tbg^ that is, of) ts to tg ; that is, in the con> 
pound ratio of ^j Xts to fgx tg^ that is (becaufe rad. 
: cofine : : 2^® fine : fine of the double ^rch, and 
•therefore thereftangle of the fine and cofine being as 
the fine of the double arch) as fine of 2otn, to 
fine of 2ftn or radius. 

[ib. Sch.] for TS : (TS + SK z:)TK: : 360° : 
(360° 4- 39'»^355 =) 399*6355 • • 9^0827646: 
10 ,08^7646. Therefore TH : TK : ; n/9,o8 27646: 

\/io,o8, &c. And therefore. TH : HK : : 
18,6524761 : I : : TS : SH : : mean motion of the' 
fun : mean motion of the node z= 19*" 18' i'^ ^3''t» 

Laftly, TK + TH(z: 38,22428 :l€H( = Or: 
rad. : fine of i* : 29' : 57" (by cor.) 

[Pr. 34. cor. 2. with due regard] for whilft p 
moves from Q to F^ the fum of the areas is com- 
prehended 
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prchcnded by TH produced, FQ, and tangent to Fig. 
Q ; but in moving from F to y, the line H;> falls ^. 
on the other fide of the circumference^ and the fum 
of thcfe areas is that comprehended by FT pro- 
duced, Fqj and the tangent to q j and the differ- 
ence of thefe areas is the femicircle, generated in 
the time of defcribing QA? ; and in the time of 
defcribing the whole circumference, the whole cir- 
jcle will be generated* 

[ib. cor. 4. that is, as the diameter] Suppofe Q/ 
to be the double diftance of the moon from the 
quadratures ; MK the fine thereof. Then K^ : 
Mp : : MK : radius. And the fum of all the K^*s, 
or the diameter : fum of all the M/s or QAq : .: 
.fum of all the fines : fum of as many radii, or half 
as many diameters. And therefore (multiplying 

Ithe antecedents by — ^, and the confequcnts by 2) 

the fum of all the fines x —:, ^ fum of as many 

p^ 
diameters : : diameter X — ^ : whole circumfe- 

Tence- 

[Prop. 35. by the fame increments as the fine of 
inclination doth, by cor. 3.] For if AEG be dou- 
ble the diftance of the nodes from the quadratures, 
GED will^be double the diftance of the nodes from 
the fun ; and they both have the fame fine. 

[ib. SchoL] Here are feveral particulars abput 
the moon's motion barely laid down j many of 
them being taken only from obfervaclons. 

[ib. pa. 299. The force of this aftion is greater] 
It is greater the nearer it is, and attrafts the moon 
from the e^th, and fo dilares the orbit the more. 
But the further off, the lei's force, and the lefs the 
moon is drawn from the earth. And at a greater 

diftance 
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Fig.difi^nce (he moves (l»wer; and at alefs di&satcei \ 

fatter. 

[ib. further I found that the apogee] by cor. 14. 
prop. 1 6. B, I. And if ^ be the fun's mean dif- I 

unce, and a+ x any other diftance, then the mo- 

tion will be as =7 or — , or , x 

• ^ '1 

I .^ if , and the equations, as — , or as x, • i 

a ^ , i 

The motion of the fun, that is the angular mo* 
tion, is reciprocally as the fquare of the diftance. 

[ib. but if the motion,] let v be the velocity, 
m the mean motion of the fun. Then if 1; be as 

i; or p- zzm — — m •, then the equa- 



. 2^ « ./- . ' 1 %x 
tion IS — m. But if i; be as . or -• 

zz: m — — ;;;, then the equation is — m> And the 

firft equation to the fccond, is as — mto -^ w» 

a a 

or as 2 to 3. And hence the greateft equation of 
the apogee and nodes (fupi of all the -^ In) : their 

mean motion {m) : : 2° 54' 30'' : fun's mean mo- 
tion ; the greateft equations being as the mean mo- 
tions. 

[ib. pa. 300. By the theory of gravity I like- 
wife found] For then the moon being nearer the fun 
fin all points of its orbit taken together^, the fun's 
force muft be greater. 

(ib. p. 301, By the fame theory of gravity the 
aftibn,] For when the fun is in the line of the 
nodes, its whole force is exerted in moving the 
moon, and none in moving the plane of its orbit. 

[ib. 
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[ib. By the fame theory of gravity, the moon's] Fig. 
By cor. 8. prop. 66, B. I. 

[Pr. 36, in other pofuions of the fun,]; by the 
realbning in cor. 19. pr, 66. L. 1. depreflion of 
the water at P : afcent at P in the direftion PH : : 
(LM : TM : :) PT : 3PK; and afccwit at P in di- 
rcftion PH : afcent at P in diredion TP : : (rad. : 
S.PTK : :) PT : PK ; therefore (ex equo) depreffion 
at P : perpendicular afcent there : : (PT* : 3PK* 
: : iPT\: PK"; but the force PT that depreffes 
P is given, therefore the force to raife the waters 
at P, is always as PK*, that is, as the verfed fine 
^ of 2PTC or twice the fun's altitude. 

Alfo the efFe6ts of thefe forces (by cor. 14, pr. 
66. L. I.) at different diftances from the fun are 
reciprocally as the cubes of thefe diftances'; and 
therefore, . ' * 

Con I. The fun raifes the water under it to one 
Paris foot and 1 1 3^ inches. 

[Pr. 37, bwt becaufe of the reciprocation] fee 
pr. 24. ' ' 

[ib. and the fun's force in—] let A be the po- 60^ 
fition of the moon, .and ATP =r angle the fun 
and moon makes at the earth's center ; and let 
PT reprefent the force of the fun, which divide 
into the forces PK, KT, PK adling in the direc- 
tion of the moon increafes her force, KT ading 
in a different direftion, diminilhes it; and there- 
fore PK — KT (or the difference of the fine and 
cofine of the angle ATP) is thq afefolute increafe. 
^ of the moon's forces but this differs not much 
from the cofine of double the < ATP, (in an 
angle of i8°4- the difference —,6310189) and 
in the arches o* 45° 90° they perfedly agree. Or 
thus. 

Let qc zf moon's force, ca zz fiin'3 force. ^ If the 61. 
fun is in », let <Cace -iz 2 <^araj then qe or qb = 

fum 



pff ACOMMENTTcw 

Fig. ium of the forces, cb = fun's force, in that pofitioa 

€2. = cof. of 2 <; acn. 

[ib. But further, the force of the moon] for lc| 
PT be the whole force of the luminary in the place 
P (ox in D) the other fide of (the earth- or^ its pa- 
rallel; the force DT = the two forces DK, ICT. 
When the luminary is in D, the force to move the 
water in the diredtion TP, is TK 5 and the difier- 
ence of thcfe, or ('TP — TK =) PK is the differ- 
ence of the forces in the points P, D ; or the abfo- 
lutc force io move the fea at the lat. CTP. But: 
PK is OC D fine of ATP, or as D cof. CTP. 

Then fince L + S is the whole force when the 
moon is near the fyziges, and L — S in the qua^ 
dratures. Therefore 0,8570327 L muft be fub- 
ftituted for L only in the quantity L — S, which 
reprefents her force in the quadratures. 

[ib. from whence we have] alfo 1,017522 L 
muft be fubftituted for L, in L + S, which repre- 
fents her force Jn the fyziges; and 0,9830427 L 
for L, in L — S, when fhe is in the quadratures \ 
tor thefc reprefent her attraftive forces in the fy* 
ziges and quadratures. 

[Pr. 38. as the accelerative gravity] for if the . 
diameters be given, .the forces to'raife the water 
will be OC abfolute forces ; and if the? abfolute 
forces are given the fpheres will be reduced into 
fimilar fpheroids, for) the piJftui'bating forces will, 
be as the diameters (for the perturbating force \^ 
OC PT fig. pf. ^5.) Therefore if neither be given^ 
the forces to raife the watcrr in the moon and ear^h, 
are in the ♦ conipound ratio of the earth to the 
moon, and the moon*s diameter to the earth's di- 
ameter; or as 1090 to ;oo; therefore the water 
rifes to 93 4: feet.in the moon. 

No notice is taken here, of the tides being lefs.. 
by reafon of the moon's motion round the earth, ' 
than if fl^e ftood ft ill in a given pofition* Since 

the 
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"the motion of the tides reaches 90° for ev^ry ebb- Fig, 
birig and. flowing; it would feem, that the faid 
motion could not be propagated thro* 90^ to its ( 
greateft height, in the time the moon ftays in the 
meridian But (by a computation from pr. 44. II J 
it appears, that water will ofcillate in a caftal of 90** 
in length in ^ of an hour ; and therefore in that 
time the tides will be propagated to that diftancc, 
and rife to their higheft; but the pofition of the moon 
in that time is not fenfibJy altered ;. and therefore 
the tides 'would rife no higher, thp' fhe* were al- 
ways to ftand in a given pofition. But this fup- 
pofes that there is depth enough of fea, to fupply 
water fufficient for the purpofe. 

[Lem. I. to Pr. 39. to recede towards this fide 
.and that fide] that is, all the parts of AC to a6t 
in a direction towards the fun j the parts of CE, 
direftly from it. 

[Lem. 2.^ The matter in the circumference of 
every circle IK] by this is meant the circular ring 
(in the plane of the circle IK) comprehended be- 
tween the furfaces of the fphere and fpheroid. 

[Lem. 3. about the fame axe J he means about 
its dianieten 

fib.] I. Let ABD be a fpherical furfacc, and 53; 
AEFD a circumfcribing cylindric furface, and 
their common thicknels the infinitely fmallline B^ 
or ha. Divide AC into an infinite number of equal 
parts zz in zz x, and ere6t the planes /i, //i?; thth 
the furfaces of thfe fphere and cylinder compre- 
nended thereby are equal. Now, flux. mot. cyl. , 
furface : flux. mot. fph. furface: : (as their matter 
X velocity, and the matter is given, and therefore, 
as) CB X :<S or id x x : ufxx. And mot. cyL 
furface : mot. fph. furface : : as all the CB x -v : 
to all the ufx X : : AD' : area of the circle ABDG, 

Again. Let A-BD be a fphere, and AEFD its g. ^ 
circumfcribing cylinder ; ECA a cone, all revolv- 

G ing 
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Figjin^.rQUQil AD- Divide BC into an infinite num- 
64. ber of equal parts zz bd zz. x. Thro* the points 
draw fphcrical fuifaces bgd concentric to ABD, and 
cylindric furfaces bf teraiiaated at the line EC. 
Then (by what wept before; mot, cyl. furface bdfi 
mot. fph. furface bdg : : AD* : circle ABDG. 
Therefore mot, all cyl. furfaces, or the folid EEC : 
mot* all the fph. furfaces, or the fphcre : in the fame ' 
given ratio of AD* : to circle ABDG. 
^5- Further, flvix. mot, cyl^ round its axis OC flux, 
mot. X velociqr, that 1^ oC ^/* X ^, or x'^x. And 

the whole motion is OC — . And therefore the 

r . , ,, 3 . ' 

motion of a cylinder round its asps OC length X 

cube of its diameter, x dcnfity j or as its weight 

X diapjeter. 

€6. Laftly, let EBCA be a cylinder, and ECA a 

cone. Then flnx. cyl. mot. : flux. con. mot. : : 

AE' X ^ ': ba^ XX:: CA» x ^[' Ob^ X •*, or as 

r^x : x^x. Mot. cyl. round its axis : mot. cone 

round its axis : : r^x : — : : (when x zz r zz CA) 

■4 
4:1. Therefore, mot. cyl. : mot. tig. EBC ( rz 
difference of mot, of cylinder and cone) : : 4 : 
C4 — I =:) 3. hence it follows. 
Mot. cyl. : mot. foi. EBC : : 4 : 3 

JMot. fol. EBC : mot. fphere : : diameter d : circle, 

■ Therefore,* ex equo^ 
Mot. cylinder : mot. of fphere : : 4 diam. D : 3 cifcle. 

Mot. fphere : mot. cylinder : : .3 circles : 4 diam. 
' fquare. 
67. 'II. Flux. met. cyl : flux. mg^t. of a.ring (or pe- 
riphery) of the fame diameter and matter : : (as 
velocity x fli^x. matter, as) x^x : rxx. And mot. 

cyl, i^mot.-ring:.: ^ : ^ :,: (when x zz r) t: z^ 

And 
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And mot. cyl : mot. any ring : : 2 cylinders : 3 Fig, 
rings; ^ 

^ III. Let ED zr z \ and let z be given ; then 68. 
j)^2j = rx. Now flux. mot. ring round C . flux. 
mot. ring round AB : : rz : yz or rx. Therefore 
mot. ring round C : mot. ring round AB : rz i rx:: 
Cwhen X rzr) AD : AC : : circumference : 2 dia- 
meters. 

Thcrefcre from the i, 2, 3 Art it follows, ex 
4qu0y ' that the motion of a fphere : motion of a f ing 
round their axes : : as the matter in the cylinder 
and ring, and 6 X circumference x circle : 24 diam*. 
cube : : or as fquare of the quadrantal arch : to 
fijuare of the diameter : : that is, as matter in the 
cylinder to matter in the ring, and 61685 : to 
looooo ; "or as the matter in the fphere to the mat- 
'ter in the ring, and 925275, to loODOOo. 

[Pr. 39. (for the reafons above explained),] for 
Cby cor. 2. pr. 30.) mean "horary motion of the 
nodes : i&f 35'^^ 16'^^' 36V : : AZ^ : AT\ 
And the fum of all the mean horary motions 
throughout the year : fum of as many 16'' 35^^', 
&c. : : fum of all the AZ* : fum of as many AT* 
: : (by Lem, i. pr. 39 J 1:2-, for the diurnal ro- 
tation^, and' annual motion of the earth, are fup- 
pofed uniform. 

[ib. But becaufe the plane of the equator.] For 
by prop. 30, the diflurbing force is as 3PK, (and 
in that prpp. the inclination of the planes being 
fmall is not taken notice of,) but when the plane ■ 
of the orbit of P is inclined to the ecliptic, the 
line PK is projedled into />K, and the force will 
therefore be diminilhed, in the ratio of PK to pK, 
or as the radius to the cofine of inclination •, for 
the difference of the diftances of P and T from 
the fun become lefs in that proportion, and the^ 
difference of the forces are diminiflied in the fame 
ratio. "^ 

G 2 This 
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Fi^. This being a propofition of great difficulty, dc- 
^ pending upon very intricate calculations, which 
few people are judges of; for this ceafon, the Au- 
thor's demonftrations have been objefted to, and 
cenfured by fome people as not true. And Mr. 
Simpfon (in his Mifcellaneous Trafts) mentioning 
fome of thefe Cavillers, falls into the fame notion. 
He has invented a fort of motion. (which he calls 
Momentum) unknown to Sir I. Newton, or any- 
body elfe, and which differs from Sir lfaac%, in 
the ratio of 800000 to 925725, But 1 never be- 
fore heard of any motion that was not made Up of 
the quantity of matter and velocity. 

Another frivolous objeftion he makes, is about 
the motion of a ring being different from that of 
the equator. And he tells us, that the motion 
(Momentum) of a ring round its diameter is only 
half of what it would be, when revolving in its 
plane round the center. But it is more than half, 

for it is as i to ^'^^^ , as is dcmonftrated in 
2 

Art. III. What he writes afterwards (tho' he fays, 
it is evident^) is not intelligible. But he concludes 
at laft in his way, that Sir I. Newton has made the 
preceffion (by the fun's force) to be but half of 
what it fhould be. And as fome he mentions had 
made the- whole propofition erroneous, he modeftly 
alcribes but (zoo miftakes to Sir Ifaac in this one pro- 
pofition. But^I believe, that whoever reads the 
Ibregoing Notes,' will foon be convinced, that his 
cemonftrations are all right, and that all thefe 
blunders they tell us of, are entirely of their own 
making, and muft be afcribed to themfelves only. 
[Lem. 4. p. 326. Wherefore if both the quan- 
tity of light,] for quantity of light is as the quan- 
tity the body receives from the fun diredlly, and 
the fquare of the diftance from the body recipro- 
cally; 
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cally ; that is, OC fquare of fhe apparent diameter Fig^ 
dire<5lly, and fquafe*' of the body's diftahce from * 
us, reciprocally : therefore the body's diftance is as 
the apparent diameter ^direftly, and \/ light reci- 
procally. . • . 

[Pr. 40. con 4.] For then the parabola and * 
earth's orbit touch in. the vertex, and the area there 
will be r: 4- velocity x diftance or radius or ^ pa- 

ramefer, 'that is = 10000X243.2747., and 

.. * 2 

10006 X 10,13644. f^r tKp Hinrn.l .^H Unr.ry p,^- ^ 
2 . . 

tion. The reft is plain from Pr. 14. L. I. 

[Lem. 5,] For the ordinates AH, BI, CK, &c; 
Put ay %ay 3^l, &c. and take the differences as 

4^ 5a 6a 
Zh 4* 5* 
Zc ^c 

2d z^ 

26 

/. 

Now, to find any ordinate as 4^, we have 4^ z: 
2^ —. 3^ =: 2tf — 2^ =: a — ^ 

— 2lf + 2C — 2X^ + 2X^ 

+ C, 

'+ d = a ^ Z*^ + 3*^ "^ ^• 
and lb of others. 



follows. 


^ 






a 

b 


2a 


'2b 


Za 


« 


c 


d 


2C 

e 



G ^ Cafi^ 



I02 A C O M M E N T o i» 

Fi<r. Cafe I. If wc fubftitute for p, j, r, &c. their 
69. equals, we Ihall have 

+ AX-SH 

+ fX — SHx— — . ' 

2 

+ ^x~SHx-^X^X^ 

2 3 4 .5- . 

Now let RS fall upon any ordinate, as for ex- 
ample on LD, then S^, SI, SK, SL, &c. will be 
zz LH, Ll, LK, 0^ &c. = 35 2» i,^, Sc'c. refpec- 
tively, which being,written in the aforefaid ferics, 
we have 

RSzztf — 3.^ — 3 Xl^r — 3 X—X — 

223 

• + e zz a — 3'i + S'C'-^dj which, by what went 
before, is the value of the ordinate DL ; andfince. 
this holds generally, it is plain, this feries will give 
the value of RS wherever it falls. 

Cafe II. Let x reprefent any bafe HS, y any or- 
dinate R S. Afll im e y zz A + B^ + Cxxx — P 
+ Dx XX — P, X X — Q, continued to as many 
terms as there are ordinates, which fuppofe four; 
P, Q, R, &c. being refpeaively zi HI, HK, 
. HL. Then putting AH, BI, CK, DL, fuccef- 
fively for;', and Oj HI, HK, HL for x,^ we fhall 
have from the general equation, AH z: A, BI zz 
A + BP, CK z: A + B Q^-i- CQ xQ=? , DLzr 

A + BR + CR X R -- P + DR X K-PxR— Q, 

that is, from the figure, 

' AH 
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AH dc A = «, ■ pj„ 

BI =-A + B X HI. et 

ck = a + bxHk: + cxhkxik. 

DL = A+BxHL + CxHLxIL+ D xHLxILx 
KL. • 

Whence by Subftraftion.' 
AH — Blr: — BxHI, 
BI — CK = — B X IK~C X HKxIK. 

CK-»-DL = — BxKL — C X HK + IL xKL 
. — DxHLxILxKL. 

Then dividing by the coefficients of B. 
AH-^BI _ __ • 

—m -B-*. 

?L=^ = — B — C X HK = 23, 
CK — DL 



KL-=-B — CxHK + IL — DxHI^ 
X XL = 3*. 

Again by Subtraftion. 

i— 23 = CxHK. 
a* — 3^ =z C X IL + D X HL X IL. And dividing 

HK > 

£fL"Zi£_c + DxHL = 2f. Alfo 
IL 

c — 2c = — D X HL, and 

HL 

^ Thus the coefficients A, B, C, &c. are deter- 
mined for four ordinates, and they are found the 
fame way, if more ordinates are given. Then 
taking x at pleafure, as fuppofe zz HS, then RS 

or y will be a + ix + cxxx — k^ + dxx^ — P 
.G4 X 
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F'g- X * — Q, &c. =:: a + l>xp + cxp X'lS -^dx 
^ X IS X SK, &c. = a +.bp + cq-^ du &c.* 

69. [Cor. Lem. 8.] fdr then AC :"A,rr=:: AI — Ji; : 
_A|<*C :J Pi.Uy-^d^x( = A^^y— %X), and : i ASC 
AS J (Fropor. lo.s : : CA,«C + ASC =) ASC>A 
{,kUy -^d^x + AS<? = AS^^iyA — di>.x ~ (becau4 
, A's a(J/* and <JS/* are eqtial) AS%A — Vju* + xJ*^ 
— SJ)* = ASoVjA — SJ'j.i =:) h.'S^ayh : -time 

- of defcribing A/aC : time of defcribing hyu.. 

[ib. SchoL] For B» \frill cut the chord AC in a 
point a little beyond E (towards C), fuppofe. at e: 
Now the area AEXj«A to £he area AC\/x4, is in 
fomcthing a greater ratio than AE* to AC, as fup- 
pofe as he to AC, 'more near than -before. There- 
fore ASEX,«,A : ASCY;«A : : Af : AC. "W hence 
ASBXjuA (or ASEX,aA) : ASCV;t/,A : : A^ : AC. 
Or A-^BY^A : ASCYy^A : : (A<f :AC : : ) time in 
AB : time in AC, very near. ■ 

[Lem. JO. to the triangle ASC, that is,] ACjwA : 

- ASC : : AC X |M^ : AC x 4-SM (becaufe the <:'s 
SMA and AV are equal, and M/* = If*.) : : AC x 
i|IVJ|«: ACxSM::MN-:SM. Andby compo- 
fition ASC/*A : ASC : : SN : SM, . 

[Lem. II. Subduplicate proportion of i to 2,] 
AC 
and therefore zz -_, . And the arch in half the 

time =: ^. And ^ ^ 2SP iz ~ r= fpacc 
v/* 2 • 4SP ^ 

defcribed in defcending. 

[Prop 41. and BE, by l,em. i^, is a portion,] 
/S and this hypochenufe (mentioned in the prop.) 
are the diftances of the earth and comet from the 
fun. Now BE to tW is compounded of iBE to the 
part of the hypothenufe ^projeded into BE) "or of 
BS to the whole hypothenufe, and of that part of 
. the hypothenufe to /V^ that is, as the gravitating 

forces 
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forces at the comet and earth ffor thefe lines would Fig. 
^' . * be defcribed by falling bodies in equal times, by 
^ . .,. * thefe forces), thaE*is, as Sit* to hypothenufe fquare. , - 
' , And therefSpre BE : /V : : BS x i>/* : hypothenufe 

cube. • '. ' ; . 

I . . Further, becaufe of theimmenfe diftance of S, 7^' 

§ • any of the points B, /, /w, are nearly in the curve 
^ \ : of 4:he paraboja, ai)d' /* the vertex, and f^p^ />, ?^ 
nearly parallel; Therefore <; I^i =1 (by reafon of 
the redtangle I//aa)] cCpM'L, or zz S/^L. There- 
. fore (j^l is the diameter to the vertex /i* ; alfo ^a- zz 
(by conftruftionj 380* + 3/A — 380- + 3!/^ zz ^S^ 
4- 3.wp = (becaufe zO(r zz 3pp).3Sfl' + 20<r. And 
therefore ^Ocu 380- + 300- =1 3OS. But f^O : 
•; I/A :*:pT : I/>. But f^I is Ijifefted. by i\ -, therefore 
• . Ip zz 2U i and;)(r zzl\ zz ilp (fince lo- r: 3IA by 
conftruction) •, therefore f^O zz -jcaI. Whence (by 
Lem. 80 a line drawn from ^ divides the chord 
AC nearly as' the time ; whence BE drawn towards 
J is rightly drawn. But (by con ftruftion) new BE : 
former BE : : BS* : Sjia + 4^'a|' : : as the gravita^ 
ting force at the diftance Sp- + -f/A : to gravitating 
force at the diftance B or jic : : fpace fallen thro' at 
the diftance S,a + ^./a, in the time of defcribing 
the arch 4-A/xC : fpace fallen thro* at B or ju, in the 
fame time. But former BE zz fpace fallen thro' at 
fjt,. Therefore new BE iz fpace fallen thro* at the . 
diftance S/* + 4^'a, (in half the time the comet de- 
fcribes the arch intercepted between TA, tC zz 
(by Lem, 11.) /a, or this new BE nearly; which 
therefore is rightly determined, nearer than before. 
Becaufe *the diftance of the fun and comet is 
fomething more than the hypothefiufe of the trian- 
gle, whole bafe is Sjx and perpendicular lO ("be- 
caufe O is only a point in the chord, which (hould 
'be in the arch), therefore he fuppofes that diftance 
zz hypothenufe (whofe bafe is S/* + y/A, and per- 
pendicular 
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Fig.pendicular 10, that is) = DO. AlfoMP : X: : (bjr 
50. confl:rua:ion)v/&r:v/OD:: (by^cor. 6. pr. 16. 1.) 
velocity of the comet at diftance DO* : velocity 
thereof at diftance S/.: : Ipace defcribed (tiniformly) 
at the diftance DO, and in the time of defcribing^ 
the arch ABC : Ipace defcribed (uniformly) at the 
diftance S/, in the fame tjme, which is =2 X by 
conftrudion ; and therefore MP 1= fpace defcribed 
(uniformly) at the diftance DO, (in 'the time, that 
the arch ABC is defcribed) =: (by Lem. lo, cor.) 
to the chord of that arch. ^ . ' ' 

The points e, a^ r, g ; and fj »» x> V» being found 
out as E, A, C, G^ before ; is with an intent to 
find at laft MP =1 MN, or AC = AG. Where- 
fore feveral of them being thus found, and 9 Am- 
ple curve (viz. a circle) drawn thro' thefe' points, 
finds the points Z and X where thofe lines would 
be equal ; for the nearer they approximate to equa- 
lity, the Dearer they come to the true points ot t)ie 
comet's orbit. , ' ^ 

Further, velocity of a comet at Q (in a para- 
bola) : velocity of a comet at Q (in a circle) by 
cor. 7. pr. 16. I.) : : v/2 : I : : (nearly as) ^ : !• 
Alfo velocity at Q (in a circle) : velocity at / (in a 
circle, by cor. 6. pr. 4. I) : : v/S/ : v/SQ. There- 
' fore, ey^ equo^ velocity of the comet at Q, in a 
.parabola : velocity of the earth in its orbit at / : : 
-?v/S/ : v/SQ. But velocity of. the comet at Q : 
velocity of the earth at / : : (^nearly as) AC : Tt. 
Therefore AC : Tr : : \^%t : v/SQ/, or AC : 
^Tt : : v/S/ : \/SQ^ As it is by conftruftion (for 
AC is to 4:Tt in the recipr/Ocal fubduplicatc ratio 
- of SQ^to S/, and not in the direft fubduplicate ra- 
tio, ^s is falfely printed ; therefore Q is (nearly) 
in the chord of the parabola, and B a point of the 
comet's orbit, nearly* 

LaftHs if MP 1= MN, or AG = AC. Then 
Ybr YB : :Yc: YE: : ac : AC: : velocity in i : 

velo- 
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velocity in B : : v/SB : ^Slf. But if S^ = SB Fig. 
and MP or AG invariable ; it wiU be Yb : YB : : as 70. 
• ac or AG r AC, when the point G falls in C Y. 
Therefore univerfally Y^ : YB : : AG X v/SB : 
AC X v^S^ : : MP X ^/SB.: MN X \/S6, to 
find tht point i true, 

[ib. p* 352- niay be feen in the following table.] 
The places of f he comet in this and all the other 
tables, are the geocentric longitudes and latitudes 
of the comet. 

fib. p. 358'. And thinking, &c.] In plate 18, 
while the comet paffes thro'l, K, L, M, &c. the 
earth paffes from between P and K towards G, 
Whence the comet will move fwift thro' LKL, and 
NOP-i flower thro' LBM, ahd QRS, as is faid in 
the foregoing page 35J. 

[ib. p. 360, as about 6 to 1000,] for by page 

348,9, ^^^' '"^^' = 6, nearly s when earth's dilt; 

.4 
= 1000. . 

[ib. p. 366. I found, that at the height, &c.J 7m 
Let SA = rad. earth zi 20950000 Englilh feet, 
nearly, AB zz 850, AF zz AS, and the denfities 
AH and BI are as 33 to 32. But (by cor.. 2. p. 
%2. II.J Aa — B^ : Aa. — F/ : : ihsn : fbnz^ that is, 
AB X SF, or 2 AB x SA : AF x SB, or SB x SA : : 
thin itbnz ; or 2 AB : SB : : thin : thnz ; that is, i : 
i'2324 : : thin : thnz : : {'by ichol. prop. 86. hyper- 
bola,) log.vS/ — log. S« : log. S/ — log. Sz : : 
,013964: 1.518514 — log. Sz. Whence log. Szzz 

1.64.820578 ; and SZ or FN = , (o'^s cyphers) 

66 +. Wherefore FN : AH : : ,0^63 66 : 33 : : 
or as 2 : lo'^^ : : 1 : lo^^* : : denfity in'F : den- 
fity 4n A. But diameter of Saturn's orb is ir 19 c 
times the femidiameter of the orb's raagnus zr 
' 191 X 20000 radii of the earth 1= 191 x 20000 x 
20950000 X 12 inches n 96 o'* + inches. And 
a fpherc of 1 inch diameter : tg this fphere : : as i : 

960 
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Fig- 960' »P : : 1 : 88 o« + ; but lo'^* > 8 o**. There- 
rore, &c. • . 

[Prop. 42.] the correfltion of the orbit here ' 
given is computed by the rule of falfe 5 ill, for the 
longitude of the node, by operation i and 2, and 
2dly for the inclination of the orbit, by operation . 
1 and 3. 

I. for the longitude of the node ; fince (by con- 
fkruftion) time of defcribing D : time of defcribing 
E : : D : E : : G ': i -, ind (time of defcribing E, 
nearly z:) time B : time A : : i : C; therefore 
{ix equo) time of defcribing D : time A : : G : G ; 
therefore G — C is the error of the times between 
the firft and fecond obfervations, for the given lon- 
gitude of the node K^ and the given inclination of 
the orbit I. Again, 

Time of defcribing d : time of defcribing e : : 
i :e\:g I i\ and time of defcribing e (nearly zi) 
time B : A : : I : C i therefore time of defcribing 
d : time A : : ^ : C ; and g — C is the error of 
^time, between the two firft obfervations, for the 
longitude K + P, and inclination I ; therefore by 
the rule of falfe, by two pofitions (which fays, diff. 
er. : diff. pofitions : : either er. : torredlion of its 

pofuion), G— ^ : G ~ C : : P : ^~^ P =: the 

corredlion of K, or the computation may be 
thus, fince to the fuppofition K and K + P, the 
errors between the firft and third obfervations, in 
thcfe two cafes, are T — S, and / — S •, there- 
fore T — /: T — S :: P : ZZI^ p = the fame 

T — / 

nn c 

correftion of K ; therefore ni? (is tp be) =: !L P 

= ;^^ P i and therefore wT — w/ =: T — S i 

G— ^ 

and mG —* mg zzQ — C. 

U. For 
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II. For the inclination of the orbit, it is plain Fig. 
T — S = iirft error of the tiriies between the firft 
.and third obfervatrons, tio the given node K, and 
inclination I; and r — S =2: error between the 
firft and third obfervation, to the node K, and in- 
clination 1 + Q£ ' Therefore (by the rule of falfe), ' 

T ^ T : T — S : : Q': IjIl^Q - correftion of 

T — T 

I ; again this time of defcribing S : time of def- 
cribing s :': J : f : : y : i ; and ("time of defcribing 
s zz nearly) time B • A : : i : C : ergo time of def- 
cribing 5 : A I : y : C 'y therefore y — C n: error- 
of the times -between the firft and fecond obferva- 
tions, to the node K and inclination I + Q ; and 
G — C was. the error between the firft and fecopd ob- 
fervations, to the node K and inclination T, therefore (as 

before; G — y : G — C : : Q^: ^~^ Q = cor- 

G — y 

'T — — S 
reftion of I j therefore «Q (muft be) n — -^ Q 

T — T 

- G — C Q^. ^^j nT ^nr = T — S, and 



G — y 

»G ~ «y =: G — Ci Laftly, from I and II.) 
2T — 2S rz mT — 'W/-f- «T — »t ; and 2G -— 2C 

= mG — mg + nG — ny •, therefore the numbers 
nif H are rightly found. \ 

[ib. arid laftly^ if. in — J becaufe the longitudes 
in the firft and fecond orbits are K and K + wP, 
therefore the latus reftums will be R and R +r — R 
X tn\ and becaufe in the firft and third orbits- 
or planes thereof, the inclinations are I and I + wCi; 
therefo re the latus reftums will be R and R + 
f — R X»; o r R + r— R X w, and R +r— R 

X^ + f — RX». 

Or thus; if the lortgitude K be increafed (in 
op. X, 2.). by P, then (becaufe the dillance of the 

perl- 
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perihelion from the fun is increa&d accordingly), 
the latus rcdtum will be incrcafed bjr r — R, and 
if the longitude be in creafcd b y m2^ the latus roftiim 
will be increafed by mr ~ K. And for the fame 
reafon (in op. i> 3.) if the inclination be increafed 
to liQ, the latus reftum will be increafed iq Nf— R 
(for at the increafe Q, the increafe of the ktua 
reftum is iz ^ — R, fince the whole is f, or.R + 
( — Rj ; therefore iif both longitude and inclina- 
tion be increafed, the latus reftum will be, increafed 
in both thefe refpefts, and will become K + mr 
— «R + »f — »R. 

Alfo when K becomes K + P, the tranfverfe 



I 



becomes; — , ^^7 ; alfo when K becomes 

L + /-—Li f' 

K + wP the tranfverie becomes , for the 

fame reafon when I is increafed to I + nQ^ the trant 

verfe is ; ===:-. Therefore when both longi- 

tudc and inclination arc .increafed, the tranfverfe 
will then, be 



1: 



L +ml — mL4 +»A — nlJ 

[ib. Sch. pa, 385^ the comet] for by pa* 3^, 

comet's dift. : earth dift. from : : 6 :*iaooo : : diftV 

comet in © diameters : Cearth*s'dift. in o diam. =) 

109 o diam. therefore comet*^s dift. from the fun^s 

center zz — ^ z: 654 diams. and from its furface 
1000 

^,154 diams, zz — fun's diameter* 
6 
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A DEFENCEoF' 

Sir I. NEWT ON, 

AGAINST THE 

Objections that have been made agalnft 
feveral Parts of the Principia- 

Raro antecedenSemfieleJlum^ 

Deftruitpde pcsna claudo. Hor. Lib. III. 

THIS in€omparable Treatife being written in 
ia coiviife ftile, and in the fynthetic method^ 
and being upon fubjefts quite new and untouched 
before ; the generailty of readers could tnake little 
of it. As it contained a new fyftem of Philofophy, 
built upon the mofl: fublime Geometry, the great- 
eft mathematicians were obliged to ftudy it with 
great care and attention ; and few became mailers 
of the fubjed ; fo that for a long time k was little 
read. But at laft, when the value of it became 
more known, it gained univerfal approbation ; and 
the whole world flood ''amazed at the numberlcfs 
new difcoyeries. contained therein.. And upon ac- 
count of its uniyerfal agreement with all the phaeno* 
mena of nature ; it was adopted as the only true 
fyftem by all, except fome few that, thro' envy or 
ignorance, were bigotted to fome other fcheme. 

It is true, many things therein depend upon very 
difficult mathematical computations, not eafily 
comprehended by every reader; and this has given 
occafion to fome people to queftion or even deny 
the truth of feveral propofuions laid' down in this 

' book; 
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book ; and have therefore given computations of 
their own, different from his, whi(;h they affert 
for truth -, and thereby, as they think, proving his 
to be falfe. I ihall therefore fpend a little time *in 
anfwering the moll material of thefe objeftions, 
and fhall (hew that thefe principles objefted againft, 
are^alltrue in the fenfe Sir Ifaac meant them; and 
that thefe objedions arc only the effeft of their 
own ignorance or inattention. 

J.Bernoulli (Tom. IV,. pa. 340) thinks New- 
ton's demonftration, of cor. 4th to the laws, is 
imperfedt, where he fays, only the aHion of two io-^ 
dies is conjidered. And lays down a method, by 
which he thinks it may be fully demonftrated. 
But at laft leaves it undemonftrated himfelf ; and 
tells you, that this is the foundation, but leaves 
the calculation for others to niake out. 

But Sir I. Newton, aft^r he had ^lewn the truth 
of the cor. in two bodies, (hews that the common 
center of gravity of thefe two bodies and a third, 
will either be at reft, or move uniformly in a right 

' line. And from thence, that the center of gravity 
of any two (in a fyftem of bodies) fufFers no change 
of ftate by their aftions upon one another. From 
whence it follows, that in tlie whole fyftem, all 
thefe aftions (compofed of the aftion of every two) 

' can induce no change. And if the aftions of ai^ 
two makes no difference in the center of gravity 
of the whole, fcparately confidered ; then the 
aftions of every two confidered . collectively can 
hiake no difference. This is certainly fo, tho' de- 
livered in a fdw words. Sir Ifaac was not writing to 
children. 

The fame Bernoulli (pa. 347) objefts againft the 

' 10th prop. B. II. for not being iblved in a way 
general enough to plcafe him. Here Sir Ifaac has 
folved the problem according to that law of re- • 
fiftance which really exifts-, but cjiild not fpare 

tin:^ 
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timCj or fill up his bopk with ufelefs enquiries, o^ 
things . of no .confequencc. His noble ftrufture 
the Principia is* all gold, but he has left the drofs 
for fuch auth(ii:S;^as this, who are fond of any things 
and will ferve well enough for building up their 
fyfterAs. This author in papdcular is always depre- 
jciating Sir Ilaae, and extolling his ownperformincesj 
tho' they are long, tedious and laborious to the 
lafl degree, and otten falfe ; altho! he has tbe ad- 
vantage of the analitical and fluxional methods ; 
and feems to be ignorant that the method of a- 
nalifis, by which he {Bernoulli) folves thefe pro- 
lems, is incomparably fhorter than the method of 
comppfition, in which Sir Ifaac has writ. Had he 
written the Principia in the analitic way, or ac- 
cording to the method of Fliixions, afciencethen 
utterly unknown to the world ; it could not have: 
been read by any man living. By the fame way 
of reafoning this boafting mathematical bully may . 
as well condemn ^^f/Zifs Elements, or -^/>^//^»i«i* 
Conies-, becaufe nioft of the propofitions may be 
dempnftrated incomparably Ihorter by commori 
Algebra. 

This Author feems to have a particular fpitd 
againft the Engliih mathematicians, being always 
carping and criticifirig. His works aire full of in- 
ve^ivcs againft Sir I. Newton for his great difco- 
verios, which this low Critic is unfuccefsfully en- 
deavouring to imitate. When one perfon has 
another man*s works to look thro% he muft be a 
great blunderbufs that cannot make fome fmall 
additions ; a man placed upon anpther's ihouldets, 
will fee further than his fuppoi*ter. Yet in many 
cafes he has difimproved Sir I. Newton, Sir Ifaac 
had a work entirely new to execute, in a fhort, and 
general way ; and could not take notice of everjr 
bauble. This author has had nothing to do but td 
imitate* The regular works of the one will livfe 

H rfu*' 
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.thro' all ages ; but the confufed chaos of die 
other will fink into everlaftiog oblivion. 

The fame author (pa. 484) alfo objects againft 
the demonftratiohrof the 36tb prop. B. II. For fays 
he, Jh^ce in NewPorfs cataraH there is no compreffion 
vf the v^ater in any placi^ nor againji the fides of the 
cataraH^ the external ^ater fr^Jfing inwards^ mujt 
difturh the cataraH^ and mix with it. And therefore 
the Newtonian explication being cmirarf to the laws 
of HydroAatics cannot Juhfift. Yet what Newton 
fays (Cafe I.) might have fatisfied him. His words 
are ; For let the ice in the vej/el diffohe into water^ 
yet will the efflux of the water^ as to its velocity^ re- 
main the fame as before. It will not be lefs^ becaufe 
the icCy now diffohed^ will endeavour to defcend. It 
will not be greater^ becaufe thi ice now become water ^ 
cannot defcend without hindering the defcent of other 
water, equal to its own defcent. But this author ts 
eternally cavilling at every thing ; and all his whole 
fe^bion on this lubjc6t, confifting of about 100 
pages, wiiere he has toft this prob. about into ail 
forms, is nothing but a heap of abfuid incon- 
fiftent ftufF, neither agreeable to theory nor ex- 
periment. So we fhall leave him here drowned in 
s:gurges of his own contriving. 

In the dcmonftration of prop. 47, B. II. Sir I. 
Newton aflumes for a principle, that the parts of 
the air hath a moyon excited in it, by fome caufe 
/or other, according to the laws of an ofcillating 
pendulum. But Euler has found fault with him 
for making fuch an hypothefis -, and has himfelf af- 
llimed fome different hypothefes, from which he 
has pretended to demon (irate, that the motion of 
the pafticles of air, are moved according to fuch 
hypothefes ; and that his demonftration.for his hy- 
pothefis, is as valid as Newton's is for his But 
Sir I. Newton's hypothefis is more than an afllimed 
**Re, ibr it is true in fadt. For any tremulous or 

' " , vibrating 
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Vibnttihg body, from which found is propagated, 
is known to vibrate according to this lavir, aflbmed 
6y Newton ; ^nd the Kke motion is communicated 
to the particles of air. Therefore he has rightly 
aiTumed, that the medium hais fuch'a motion ex^ 
cited in it ; and donfequently that it will continue 
to move according to that law. But there is no 
foch jaw of a vibrating body as Euler affumes, and 
therefore his demonftrations come to nothing. To 
find the velocity of found is a very fubtle problem ; 
and they that would fee it truly refolved, may 
find it in my book of Fluxions, prob. 2 J, Seft. IlL 
In B. IK prop. 52, Sir L Newton has invefti- 
gated the properties of vortices, in order to fee 
•whether the celcftial motions can be accounted for 
thereby. And he has fhewn that the celcftial bo- 
dies are not carried round in vortices. But /. Ber^ 
noulH, a perfon of eternal contradidion, has under* 
taken to defend the notion of vortexes ; tho' fhewn 
to be abfurd andimpoffible. .Let him frame what 
hypothefis he ^vill for the planets, he muft find vor- 
texes meeting one another fi^r the comets, that 
move all manner of ways. Therefore to clear this 
point, he muft have his vortexes made of fuch 
llirid matter, as has neither fridion nor refiftance, 
and that one part be penetrable to another part : 
that is^ fuch a fluid as cannot be found in the 
>world« Such is the blinded, bi|otted, prejudice 
of fome people, that the cleareft demonftrations 
cannot cure their madnefs. If any body aiks one 
of thi:^ ftamp, how the planets move round, they 
prefently anfwer, in vortexes. But alk them what 
caufes the vortexes to move round, her^ they arc 
at a ftand, and have nothing to fay, but that they 
move by their own nature* But they might as 
well have faid at firft that the planets move round 
by their own nature, if they can give no better 
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account of them, and fo fave the labour of coh- 
ftrudling thefe ufelefs vortices. 

Another author that is vortex-madj is Euler^ and 
he feems to go beyond any of the reft, for he 
cannot account for the rifing of the tides without 
vortexfis. ' But he has not (hewn us by what ex- 
traordinary mechanifm, or invifible wheclwork his 
vortices are conftitutedj fo as to be able to produce 
the tides, or caufe the motion of the coftiets, fince 
thefe vortices muft all run counter to one another, 
-and penetrate one another, and yet miraculoufly 
preferve their motions entire. 

This idle notion was firft introduced in the time 
of ignorance, upon the fuppofition of a fuga vacui^ 
or that nature abhorred a vacuum. But by our 
better acquaintance with the nature and properties 
of body, and the laws of motion ; we now know, that 
the operations of nature cannot be performed in zple* 
nutn y ^nd therefore a vacuum is abfolutely necefTary. 
If we had known of no celeftial bodies but the 
planets moving all one way, the fuppofition of 
a .vortex to carry them about, clumfcy as it is, 
might have pafled for poffible. But one would have 
thought, that the comet's moving all manner c£ 
ways, would have cured this delirious notion ; and 
have taught them the impoffibility of fuch a fcheme. 
But thefe authors, thefe defenders of vortices, arc 
fo hardy, that they are not at all afraid of an ab^ 
furdity or a contradiftion. Thefe things do not af- 
feft or touch them in the leaft -, but they go on un- 
concerned in their ufual way, tho* contrary to all 
the laws of nature. 

Did 1 fay that the theory of vortices had its original 
from the principle of zfuga vacui ? I did. And the 
principle of ?ifuga vacui had its rife from the phoeno- 
mcna of water rifing in pumps and fyphons, as in 
the 'Torricellian experiment. Here for wane of trying 
.fttch experiments to their full extent, the principle 

of 
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®f ^fugavacui was affumed by tjiefe philofophcrs, 
as the genuine caufe of thefe , efFefts. So that, 
upon ,no better a footing than ibis, tho' the true 
caufe of thefe effefts (the external preflure of the 
air) be now perfeftly known, yet with thefe bi^ 
gotted people, the fame falfe principle ftill exifts. 

Thefe philofophers (if they can be called fuch) 
arc endeavouring, contrary to. the nature.of things, 
to find out the mod complicate caufes for explain- 
ing the phoenomena, inftead of feeking the fim- 
pleft caufes; and they fcem utterly to rejeft all 
umple caufes, which are the greateft beauty of 
nature. For if their brains were not turned round 
in a vortex, they could never prefer thefe Complex ' 
.vortical fchemes before the fimple doftrine of pro- 
jectile and centripetal forces. Such Philofophers ! 

Sir I. Newton had (hewn in the fchol. of Prop. 
14. B. III. that the aphelions of the interior pla- 
nets move a little in confequentia^ (by the aftions 
of Jupiter and Saturn) in the fefquiplicate ratio of 
their diftances from the fun. But Bernoulli fays 
this is falfe, for it holds not true in Saturn. And , 
yet Sir Ifaac tells him exprefsly, it is the inferior 
' planets that obferve that law. So little do fome 
men care what they write, if they can only put on 
an air of contradidion. 

In finding the proportion of the a^is and diamei- 
ter of the earth. Prop. 19. B. III. Sir Ifaac aC- 
fumes them to be .as 100 to 101, and from thence 
finds the cxcefs of weight, in one above the other, 

to be -£- parts. Therefore he makes this propor- 

.jtion -^ : — : : the force -JL : the true 

505 lob 289 229 » 

cxcefs of height. Yet fome people have objefted 

againft this as a wrong way. But herein they are 

much miftaken -, for if any force be increafed, the 

<ffe<J will be increafed in the fame ratio j and theri> 
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fore jncreafing the centrifug^d force here, wiU in- 

crcafe the difference of the heights, in the very 
fame pr portion ; as thefe quantities are very ftnalt. 
Upon this account, fomt people have unnecefia* 
rily run into long calculations, and only came at 
laft to the fame conclufion. 

And the fame argument holds good againft iuch 
as have objeded againft finding the height of the 
tide (cor. Prop. 36. B. III.) by the rule of propor- 
tion, comparing it with the centrifugal force* For 
all forces of whatever kind will product effkffs pvch 
portional to the quantities of thefe forces ^ and 
therefore he h^ rightly found the height of the 
pde, by that proportion. 

But Sir I. Newton's expUnation of the tides. 
(Prop. 24. B. III.) does not pleafe Euler^ tho* he 
accounts for every circumftance thereof. He thinks 
afcribing thefe effei^ts to the a&ions of the fun and 
moon, is recurring to cccuU caufes^ and therefore 
he had rather recur to vortexes for the explanation 
thereof; ,the notion of which has been confuted 
over and over. He denies the gravitation of bo- 
dies towards one another, becaufe he cannot difco- 
ver the caufe of gravity ; and therefore he will not 
allow it to have any thing to do with the matter, 
as being an occult quality. But he recurs to a 
principle that is more than occult, his incomprehen- 
fible vortices ; which he thinks the tides arc raifed 
by ; tho' he has not attempted to explain in what 
manner his vortices can do it. 

He fays. Sir I. Newton's account of the tides is 
. not fufEciently explained, that any certain judg- 
pient can be formed whether it is true or falfe ; 
that he did not explain the phoenomena of the tides 
but only" darkened them. But certainly this mafi 
does not know what he writes, or does not earf 
what he writes. Sir Ifaacexplained all the princi- 
pal phgenomcna thereof, gnd hjis flicwn, that his 

Theory 
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Theory is agreeable to obfer^ations both in nature 
ind qoanrity. And all matters of lefs note may 
be eafily deduced from his general Theory, by any 
iritellrgent perfon. But Sir Ifaad did hot choofe toi 
ere£k any pontes afinorufn. 

Tlirs author values himfelf veiy much for rejeft- 
ing the principle of, attraSiiofij eftabliflied by fime 
Englijhmen^ becaufe it is an pccuk quality. Thi& 
profouhd Philofopher will either know every thing 
or nothing ; he will m^ke no ufe of the forces of 
gravity, becaufe he knows not the caufe of gra-' 
vity. For the very fame reafon he would want to 
know the caufe of that caufe ; and fo he muft know 
every thing in the whole chain of caufes and effeds, 
or he cannot be fati^fied. This odd temper in fomfe 
jwen arifes from the pride of the human mind^ 
•which attempts to foar above its fphere. They 
difdaiil to know the little matter that is within their 
power to know ; whilft they are continually afpi- 
ring at things that are without the reach of their 
knowledge, things for which they have no faculties 
fuited to underftand, and no data to determine. 
This is not to philofophife, but to trifle. 

As this Gentleman takes the liberty to fneer at 
the Englijhj he may pleafe to ftay and take this ob- 
fervation along with him, that if it had not been 
for ^ti Englijhman^ he (and fuch like) had known 
nothing. To him they are beholden for all thefe 
great and wonderful difcoveries, which all the world 
acknowledge and praife him for, except thefe fons 
of detradtion, envy, and ingratitude. Difcoveries 
that may be looked upon as the works of a Geniua 
rather divine "than human. 

The Englijh have found by experience, that by 
the power of fome caufe or other, all bodies arc 
drawn or impelled towards one another, according 
to certain laws. And thefe laws are found out bv 
obfervations^ and a juft reafoning from the laws of 

H 4 motion* 
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niotion. This caufe, be what it wjU, they call 
gravity^ without pretending to determine of what 
kind it is. If this author knew the phyfical caufc 
of gravity never fo well, he would be no wifer ; 
for the effedts of it would be juft the fame; and 
we can meal'ure the effefts of gravity, and from 
thence find the quantities, and proportions of the 
generating forqes, witho\ijt knowing what thefe 
forces confift in. So that the knowledge of fiich 
^ caufe would be only ^ ufelefs fpcculatiop. But 
this author is fo fearful of occult caufes, that he 
idare not make ufe of their manifeft eflfeds^ and 
condemns the ' Englifti at once for believing their 
own eyes, that there aie fuch effefts flowing from 
, this unknown caufe, which they have agreed to 
cd\\ gravity. For it appears to them, that thq ef- 
f efts thereof ^re all that they have any thing to do 
with. Sir I. Newton tells him more than once, 
that be does not take upon him to ciejine the kind or 
manner cf aSiion^ qr the caufesi or pby/ical reafon tbere^ 
pf\ but this author cannot take it in. 

Some perfons, when they can find nothing elfe 
to fay, have cavilled about the term gravity^ and 
fp their objedions are dwindled to a difpute about 
words, , and not things. I fuppofe every thing in 
nature, that we have occafion to malce the leaft ufe 
pf in our difcourfe and reafoning, be it known or 
unknown, ought to have a name given it, to dif- 
tinguifh it from other things, and to ' convey our 
meaning to others. And thus the caufe of the ac- 
jccleration of bodies towards one another is exprefled 
by -the word gravity^ and the adion itfelf is called 
gravitation. The word attraction is ufed in the very 
iame fenfe ; that is, not in zphyRcal b\it mathematical 
lenfe, which regards only the quantity of the caufe^ 
That thefe terms are the moft proptrr that could be 
" phofen, will appear from hence ; the word attraction 
js taken from its moft manifeft c^ualitv j for a bo- 
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dyvinoving towards another with ah accelerated mo- 
tion, has all the appearance poffible of being drawn 
towards that other by fome inherent virtue in the 
other. The word gravity has evermore cxpreffed the 
tendency of a heavy body to the earth ; and therefore 
by parity of reafon, will as properly exprefs the ten- 
dency or the moon towards the earth ; or of the earth 
towards the fun, or of any body towards another body. 

Suppofe this philofopher, or any other of that 
fort, was alked to calculate the times, fpaces, or 
velocities of falling bodies ; which is the mod 
fimple cafe that can be propofed about gravity. 
Would not; any body juftly laugh at him, if he 
flood to demur about it, and refufe to calculate, 
till he knew whether their falling was caufed by 
attraftion, impulfion, or the rotation of a vortex ? 
And would not he equally deferve to bf laughed 
at, that fliould hefitate to calculate the motions of 
the moon, or of the earth and planets ; or of the 
)tides •, upon the fame account ; when they are all 
.aded upon by the fame unknown caufe of, gravity ? 

But to return to the tides. This. Gentleman 
(Euler) tells us, that Newton's method is errone- 
ous, by which he fodnd the fea to rife to the height 
of near two feet, by the fun's force only. And lays, 
that Newton found out this ^enormous effeft, by 
comparing the fun's force with the centrifugal force 
of the earth. This has been anfwered before ; and . 
certainly this Gentleman knows little about the na- 
ture of fprces, if he does not allow that two equal 
forces, of however different kinds, will always have 
equal effefts •, and proportional forces, propor- 
tional effedsj efpecially in their nafcent.ftate. For 
it is not the kin^y but the qu-ntity oi force that is 
to be regarded. Therefore Newton rightly found 
the folar tide near two feet, and the lunar tide 8-^ 
feet, agreeable to experience. But to (hew you 
vvliat lore of a theory this Gentleman works by, he 
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finds the folar tide only half a foot, and the lunai^ 
tide 2t feet, in all not thtcc feet ; which all obfer- 
vations confute, and with it, his erroneous method 
of computation. I have met with no body yet, 
bat what makes it at leaft three times as much. 

He aUb teUs us, Chat Newton found out the 
forces of the fun and moon by help of the tides, 
but he has not done it accurately. And yet New*^ 
ton took in every circumftance that could any way 
affeft it ; as may be feen in Prop. 37. B. III. 

Havihg had occafion to compare dififercnt kinds 
<>f forces with one another ; I will venture to lay 
down this as a general Rule, that all forces what- 
ever, whether attradive or impulfive, centripetal 
or centrifugal, or of what kind foever, if they be 
equal, they will produce equal effefts. And there- 
fore how idle muft it be for thefe men to wrangle 
about the *iW, when 'the quantity only is concerned 
in the effeft, and can only be of any real ufe to us 
in our calculations. The enquiry after the kind 
and modus of aftion, is a phyfical, or rather a me^ 
taphyfical fpeculation, the knowledge of which 
they can never come at* 

It has likewife been objeftcd by fome perfons, 
that the two examples of Newton, for finding the 
tides, are ill chofen. Put however, he had no 
more to choofe on, and by their near agreement, 
it fhcws they were well chofen. Euler tells you, 
that at Havre de Grace^ the greateft and leaft tides 
^re as 1 7 to i i ; and therefore the fun's force to 
the moon*s, will be as 17— 11 to 17 + 11, or as 
•6 to 28 ; or as he makes it, as 7.13 to 28, which 
is about as 1 to 4, a proportion not very different 
from Newton's. ^ Dan. Bernoulli fays, that at St. i 
Malo^s^ the greateft height to the leaft, is as 50 to 
J 5, which makes the fun's force to the moon's, as 
35 to 65, or as 7 to 13, not fo much as i to 2 ; 
% Gonclufion utterly inconfiftent with all other ob- 

* fervations i 



OF THE P R I N C I P I A; |2f 

fervations ; which prgues, that the obfenration has 
not been made witfi Sufficient accuracy. However 
this is certain, that if any place can be improper 
fpr fuch an experiment, this place is ; by reaibn 
of the very extraordinary tides. For here the tide 
being hurried up a long channel, growing conti- 
nually ftrait^, it is forced up to an unufual height. 

However, I cannot think that it figntfies a great 
deal, where, or in what places, thefe experiments 
are made, provided the fea be deep, and have free 
accej& and recefs to and from the place of obferva-^ 
tion. For tho' the tides be higher in one place 
thstti another, the fun and moon confpire alike to 
that I for if the water be accelerated in any degree 
by the moon's force, it will likewife be accelerated 
proportionably by the fun*s force j.fo that the re- 
fult will be nearly the fame. 

1 Ciannot but be furprifed, that in fo material a 
point as this, no body has been fent purpoiely, to 
proper places to make obfervations of the tides. 
Since by this method only, the forces of the fun 
and moon can be determined to any tolerable de- 
gree of exa^nefs* No celcftial obfervations can 
affift us in this matter. Aftronomy affords us no 
help. And there feems to be no way for U5, to 
gain this great point, but this method by the tides. 
The forcest of the fun and moon are fo very fmall, 
in refpefit to the force of gravity, that no common 
hydroftatical experiment can fhew us the leaft ef- 
fects thereof. It is only in the tides that theiV ef* . 
fefts become fenfible. 

The forces of the fun and moon reach to the 
very center of the earth, and ad upon every point 
pf the radius or column of water under them ; 
znd diminilh the gravity of every particle thereof ^ 
.and all th^fe forces confpire together to^ raife the 
tide ; ^nd therefore the radius of the earth become^ 
jhe proper fcale for all thefe forces to adl on. And 
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we cannot fee the total effeft of all thefe • forces,' 
unlefs we have a depth equal to the whole radius of 
the earth, or an extent of fea of 90 degrees ; and 
this effeft or the tides, when at the greateft, will 
then only amount to a few feet. 
• If I was to give direftions for making obferva- 
tioDS of the tides for this purpofc, I would advife 
to choofe fome place near the equino6tial, as on the 
coaft of Africa or America. And the place woul j 
be moft advantageous, where the fun and moon 
are in the zenith at the firft obfervation ; and in 
the horizon, at the fecond, for the fpring tides. 
And one in the zenith and the other in the ho- 
rizon, for two obfervations at the neap tides. And 
iuch places fhoiild be chofen where the fea is 
of large extent, and deep *, fo as to communicate 
freely with the place, back and forward. And 
foch places will be beft in a calm country, and 
performed In calm weather ; and all circumftances of 
weather Ihould be alike (as near as can ht) at any 
two correfpondent times of obfervation, the fy- 
ziges and quadratures. Thefe obfervations fhould 
be made at the fyziges and quadratures, both day 
and night. And alfo when the tides are higheft 
and loweft, which is three days after. But for 
ibme purpofrs, trial ftiould be made every day. 
And thebufinels of trying at the fyziges and qua- 
dratures, Ihould be continued for a twelvemonth. 
And more places than one fhould be trjied. Per- 
haps fonie iflands in the middle of the fea, as St. 
Helena^ may be proper ; for the weather is likely 
to be more uniform, than on the continent. Hav- 
ing thus gained a fufficicnt number of obfervations, 
the beft may be feledted, and a mean ratio found, 
by which this matter will bie finally determined. 

Ther^j are fome people that objc6t againft this 
method of finding the fun and moon's forces, by 
the tides j and reckon it very precarious, and fub- 

jeft 
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jefitto many obftacks and intervening eaufes, by 
which the tides are perpetually influenced and dis- 
turbed -, as if every thing had not its difficulties ; 
the only difturbing caufe is the wind. Yet th?y 
can tdl us of no other method, but what is more 
precarious atid more imprafticable, and lefs cx- 
adt. And fo much for the tides. ' 

The 39th prop, is about finding the preceffion 
of the equinoxes ; againft this, being a prob. of 
great difficulty, objedtions have been raifed by fc- 
veraL people, alledging that it is not truly 
demonftrated. Mr. Simp/on, is among this clan ; 
and he abfurdly makes the preceffion by the fun's 
force alone to be 21'' 6% which is double to Sir 
I. Newton's 5 the confequence of which is, that the 
motion by the moon's rorce will be only 29^'. Sa 
that by this, the moon's force will be to the fun's, 
only as i^ to i ; yet he fays in another place, that 
the moon's force to the fun's cannot be lefs than 
24- to I. So inconfiftent and erroneous are his 
operations. But this has been taken notice of be- 
fore in the Comment. But the moon's force muft 
*be greater than 2|: •, for in all obfervations of the 
tides, that have been regularly made, the moon's 
force is 4 or^ore. And it is hardly poffible in 
any obferv^tion or the tides, made with any to- 
lerable degree of care, to mils near a half. They 
that would fee the preceffion of the equinoxes 
truly calculated, will find it in Prob. 26, Seft. III. 
of my Fluxions. 

Other objeftions of lefs moment I pafs over, ' 
as their malignity and faUhood will appear to every 
reader. Such as the abfurd opinion that motion 
cannot be loft in the world -, (concerning which, fee 
my Mechanics, 4to. prop. 10. and cors.) Alfo the • 
falfe opinions of thefe that deny that the corppo- 
fition and refolution of forces, are analagous to the 
compofuion and refolutioa of motions, which arc 

their 
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their adequate effects. Their endlefs^ cavils agaitlfl: 
his 'method of dempnflrating any prof^ofition, 
which is the fynthetical; preferring their owft ana- 
litical methodls aa being mortet, which is no won-" 
der. Their introducing into phyfical calcukltbnSy 
an obfcure, precarious law or force, eddied vis 
viva -, founded upon no certain principles. Con* 
ccrning which fee my Mechan^ 4to. fchol. to prop. 
11, where the nature of it is unravelled. Their 
promifcuoufly ufmg the words force and nK>tion, 
for one another, which are as different as cauft and 
effect ; which induces no imall obtcurity intx^ their 
writings. Their afcribing the inventioa of Fimchm 
to LeibnitZy contrary to the clearcft teftimonicsj 
and fome of them tell us, that, noi be thai firfi 
foundy but be that fir jt publijhed ity ieferves the fraife. 
As if the publilher could have publiflied it, at all, 
if the inventor had not firft found it out. Hero 
the inventor is robbed oi his due praife, to give 
it to the thief thatftolc it. Aod in general their 
aggravating every trifling flip, as a Capital crime ; 
and inilead of praifmg him for what he has done 
(which is more than all the world evei! did before) 
they difpraife him for what he has tM done, or had 
not time to do; and lampoon him becaufe his time 
or his knowledge was not infiHtte*^ 

But if any body (hould aflc, what any of thefe 
Brave's have done fincc ? The anfwer is, nothing at 
all, or lefs than nothing*, they have been turning 
fcience backwards. For they have been doing 
nothing but undermining his principles, (tho* built 
upon the fureft foundations,) to introduce their 
own chimerical hypothefes, that have nothing to 
fupport them but impudence, ignorance and pre- 
fumption. 

At the end of the Principia, Sir I. Newton has 
given us his thoughts of the deity. Here he 
Ihews that God is an eternal, infinite^ .and powerful 

being. 
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hing. That all the frame of nature is owing to 
bina, which he made, and governs. And from, the 
fimilitude of all the parts of the world, he ihews 
that God is one.^ That he is a bebg ading with 
council and de/ign^ and with the greated wifdom^ 
That we have ideas only of his attributes^ but know 
nothing of his fubftanu ; nor after what manner 
he a4s or does any thing. Indeed we know nothing 
of the fubftance of any thing, much lefs of God* 
And as we cannot conceive of fpace and time, but 
as neceflarily exifting ; much more mud we allow 
that God exifts neceffarily ; and confcquently that 
he exifts alwdsys'^xA every where ; and that not par^ 
tialfy but totally. In (hort, he has'lard down the beO: 
metaphyiical notions of God, that can be mel 
with any where. 

But M. Leibnitz will not allow that God hasf 
in himfelf (much lefs other animals), any princi- 
ple or power of afkiog, but as he is firft a6ted oa 
by fome motive^ which he thinks is to determine his 
fK^tions, And in con&quence of that, if twa 
equal ways of a&ing were Isud before God, he 
could choofe neither; but be like a balance, 
«£ted on by two equ^ weights, that would turn no 
way. But at this race God is not zfree agents but 
a mere patient* He reckons it an imperfeSion in 
God to be able to choofe one out of two perfedly 
equal things; becaufe he fays there wants 2i fuf^ 
ficient reafrn ; and therefore he can choofe neither. 
But it is certainly a greater imperfeSlion to choofe 
neither y than to choofe one. It is a principle with 
him that God muft have a fufficicnfrcafon ; which 
is true, but it is God's mere will -that is the fuf- 
ficient reafon. And how comes he to know what 
is a fufBcient reafon to a perfectly free agents that 
has it in his power to do any thing; as if man, 
who is no more than a worm in the creation, can 
prefume to know what is fitcell to be done« 

-Sir 
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Sir I. Newton has aflerted^ that all the great bo3 
dies in the world move in free fpace, which id 
unbounded arid infinite. That all bodies have pores ^ 
«r empty fpaces within them. But this author 
will not allow any vacuum^ but will have the world 
be a perfedt plenum. And he tells us alfo, that 
the world will continue for ever without any al-^ 
teration (or mending) ; but • he has' talc en parti- 
cular care to prevent that^ by introducing his />i^»///»* 
The motions of the heavenly bodies xnult needs 
be retarded and foon llopt, in moving thro* denfe 
matter, tho* never fo fluid. So that one of his 
fuppoficions is incqnfiftent with another ; and no 
' body could more efFeftually deftroy his own hy* 
pothelis, than he has done himfelf. He had had 
infinitely better chance for this fuppofition, if he 
had made the planets, &c. to move in a. vacuum. 

If God had defigned every thing to ftagnate* 
and be fixt in the world ; then a plenum feems to 
be the beft conftitution for that end. But as all 
the operations of nature are to be performed by 
motion, which indeed is the beauty of nature ; 
" then placing them in vacuo, muft needs be the 
beft coriftitution, as the motipns will then be free 
and unrefifted, and the moft durable poffible* 
And therefore it is as neceflary to have a vacuum^ in 
which thefe motions are .to be performed, as it 
is neceflary to have body to perform thefe motions. 

The fame objedtions he has made againft empty 
fpace, he makes againft time 5 for with him fpace 
is no more than the order of co exifting beings ; 
and lime the order of fuccefliveones ; but at thk 
rate the. words nearer ox further y fooner or later ^ fig- . 
nify nothing ; yet both fpace and time are meafured 
by quantity, and therefore are themfelves quan- 
tities and. confequently real beings, which confutes 
his notions. And indeed common fenfc is enough 
to determine this ; for their exiftence is felf-evident, 

^ even 
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feven to the moft ignorant ; and cannot be made 
TOpre evident by all the arguments in the wdrid. 
Arguments in fiich cafes, ferve for nothing but 
perplexing things that are plain of themlelves^ 
and are often brought for that purpofe. ASlions 
and a vacuum are the firft principles of the moft 
ancient Philofophy ; which is the fame thing as to 
fay, that God has mzde hdiesy and room for them 
to aft and to move in. For the whole world appears 
to our fenfes, to be nothing but matter and motion. 

This learned Philofofpher's argument againft 

empty fpace 'is this ; every perfeSlion which God could 

give to tbingSy without derogating from their other 

perfeSiions^ he has given thethi Suppofe then an 

empty fpace^ God could have placed matter in it ^ {which 

is more excellent than empty /pace) \ therefore be has 

' done it J and confequently there is no vacuum. Here 

^ hefuppofes that there, is no excellency or perfeftion 

at all in motion; and fo this world- makier will not 

agree to leave any room or free fpace for bodies to 

move in. And in this he is as dogmaticial, is if 

he had been originally . one of God Almighty's 

privy council. But had he gone one ftep further^ 

he would have feen the abfurdity of it. For God 

did not make the world to ftand ftill ; but to move 

after variots laws and rules. And confequently 

when this acute Philofopher fills the planetary re- 

. gions with rnatter, he derogates from the perfeSions 

i of the other bodies, by deftroying their motion, with 

his new matter. And in this cafe, and for this vdry 

purpofe, empty fpace is more excellent than matter. . 

' But the ignis fatuus that leads him aftray, is the 

. argument of a fufficient reafen ; when at the famd 

time he is no judge at all what is fuStcient. Yet 

this principle he brandifhes about with no fmall 

oftentation and afiurance. But it is of no more 

ufe in his hands, than the fword of Achilles^ in the 

hands of an infant. 

I CO N- 
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I ll « I ■ > >»! 

CONCERNING THE 

OPTICS. 

NO fooner did Sir /. JViw/^» publifli bis theory 
of Light and Coloui;s, thanMyas at^ad^ed 
on all fides. A dodlrine fo ftrangc^ wd contrary 
to all the received opinions about the nattkre of 
light, could not be admitted. This brought hiixi 
into many frivolous difpute^^ with injudicious 
people that had ixxibibed other principles. Yet he 
Jbewed the truth of his theory, by unde^iiaWe egc- 
periments, if his oppofers had but had \uiderftand- 
ing enough to confider theni. He had re.ad leftqres 
before, in the Univerfity of Camiridge^ concerning 
light and colours, which he was thinking of pub- 
liSiing 5 but the difputes he was involved in, from 
what he had publiflied in the TranfaSions, made 
him lay afide the thoughts of publifhing any more^. 
And fo thefe leftures were laid by in die Univer- 
fity, and were not printed till after his death. And 
in this I think he w^ much in the right ; for who 
vrould ever fpcnd any time or labour, to make men 
wife againft their wills ; and efpecially a fet of men, 
that loved cavilling and difputing better than truth 
and knowledge. 

By reafon of theft fcnfelefs difputes, he would 
riot agree to print his book of Optics for many 
• years ; and at laft it was only printed in Englifh^ 
with a dcfign it Ihould not go abroad, to create -any 
frefh difputes \ but wis afterwards tranflatcd into 
Latin. 

This 
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This book, tho* full of the moft curious and 
|)rofound difcoveries in Optics^ could not pafs \7ith- 
out the moft fevere fcrutiny ; apd I believe, hardly 
a propofition in the book but what was difputed 
by fonie rafti Critic or other^ But as the proofs 
were moftly experimental ; as foon as people had 
a mind to leave their prejudices, and try thefe ex- 
periments fairly and impartially ; they found tTienj 
all true and agreeable to his theory, which at length 
began to gain ground 5 and all difputes are now; 
ifubfided* . j 

As there are fome things laid down in this book; 
W:ithout their demonftrations ; fuch qf them as are 
difficult, are calculated in my book of Optics. ( 

Xowards the end of tfiis book Sil* Ifaac tells us^' 
the tru^ method of philofophifing, his thoughts of 
the original and conftitution of the world, and of 
the Deity. He tells us the world could not arife 
put of a ChaoSy by the mere laws of nature, but 
muft be the work of a powerful, everliving agent, 
ading with wifdom and defign. He tells us, that 
it appears from the phoenomiena, that there is 
a hing incorporeal^ livings intelligentj omniprefent\ 
'wbo in infinite fpace^ as it were in bis fenjory^ fees the 
things them/elves intimately^ hy their immediate pre-^ 
fence to him ^-"^wbilji the images only of. thefe things 
are carried thro^ our organs of fenfe into our little fen-- 
foriums^ and are there feen hy that which in us per^ 
eeives and thinks.. 

But Mr. Leibmtz, catching at the ^ox^ fmforium^ 
andpervetting Sir Ifaac's meaning, tells you, that 
Sir Ifaac makes fpace to be the fenforium of God, 
as an organ, by which he perceives things, and 
thereby makes God the foul of the world, con- 
trary to Sir ifaac's plain declaration; whereas he 
fpeaks only by way of ftmile {as it were^ in his fen- 
fory). For fuch is the imperfeftion of our notions^ 
concerning God, that when we would defcribe any 
' I 2 of 
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of his properties or attributes, we can bnly do it 
by fimilitude, comparing it with fomething fimilar 
to it in ourfelves ; which furely cannot be taken in 
a ftrift fenfe. Nothing is more common than to 
talk of ideas in the mind of God, when we fpeak 
bf his knowledge or omfnifcience. Yet it is certain 
God has no need of ideas or images (as we have), 
'when he is prefent to the things themfclves. And I 
think it was hardly poffible for Sir Ifaac to find out 
i fitter fimile, thah to compare infinite /pace with 
the place, y/hcrt God perceives all things- juft as 
the brain i^ tHe place where men pef ceive the images 
foniy) of things. For fuppofe the brain to be t^e 
crgan of perception, it is neverthelefs the place 
where' thtk images are perceived. This mifcon- 
ftruing the y^ords of Sir I. Newton, fliews the cap- 
tioufnefs of the man •, elpecially when he is told that, 
God is a unifdrm beings void of organs^ members or 
. parts^ that all things in the world dre his Creatures^ 
Subordinate to him, and fubfervient to his will. That 
he is no more the foul of them^ than the foul of a man 
is the foul of thefpecies of things^ in the place of his 
fenfation. All this, one would think, fliould ftop 
his mouth. 

This Gentleman calls God a fupramundane in- 
teUigence^ which is only an unintelligible term to 
quack with. For certainly he exifts in the world, 
'but after what manner is a fecret to usl If God 
have any exiftence, he exifts in fpace; to fay that 
he exifts cut of fpace, is to fay that he does not 
eXift at all, becaufe fpace is every where/ So does 
he exift in time ; for to exift out of time, or in no 
time, ia not to exift. He exifts thCn in all fpace 
and in all time, that is always and every where. 

Sir Ifaac tells us blind fate could never make all the 
planets move one and the fame way^ in concentric orbs % 
feme inconftderahle irregularities excepted^ which maj 
hp,ve rijenfrom the muJual alliens of comets and pla- 
nets 
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fiets upon one another^ and which imill be apt to mreafe^ 
till this fy ft em wants a reformation. ' . ^ 

. Now thefe aftions of the planets and comets 6i> 
each other, and thecorfiequent irregularities pro- 
' duced thdreby, are matters of faft, and eviden;: 
from obfervations. And it is as evident that they 
will incrcafe, from the fame caufes. Yet Mr. 
Leibnitz is fo ignorant of thefe efFefts, that he takes 
upon him not only to cenfure Sir t. Newton for 
niakiftg thefe obfervations, but God Almighty foi; 
not making his work otherwife ; and cornpares hiir^ * ^ 
to an imperfeSl workmart^ that has his watch to wind 
up now and then. He thinks it an imperfeftion ij(> 
God, if he does not rnake the world fo as to laft la 
the fame ftate for ever* At this rate he may as well 
think it an imperfedion in his Maker, if niah cloe§ 
not laft for ever, and live for eternity. 
' It is a bold aflertjion to fay that Go^ cannot 
make any thing to what degree of perfedtion 
he pleafes, or to laft 'as long as he pleafes, or 
to reform, regulate, or alter it at his pleafure^. 
Nothing will pleafe this Gentleman but to make 
God to aft ad extremum, as all neceflary agents do, 
if they can* be called agents. At this rate, not 
only the world muft be made fo perfeft, as to laft 
for eternity, and want no regulating, which is the 
thing he affirms j but even the bodies of men and 
other animals, fdr the fanie reafon as was obferved 
before, muft laft for ever, and never come to decay, 
or need any repairs ; which is arguing againft the 
cleareft evidence pf his fenfes \ and is a demon- 
ftration of the abfurdity of his hypothefis. So 
that in {bme cafes it is true (what fome men have 
objefted againft fcience in general), that the greatejj 
philofophers are the greateft affes. 

Goy teach eternal wifdom how to. rule^ 
^bcn drop into thy f elf ^ and be a fool. 

Pore. 
U H 
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His Do6tHne of Indifcernibles is ' altogef her as 
wild a notion as the other of forcing God to do his 
beil. His principle is this, that there are not ia 
nature, two real abfolute beings, indifcernible from 
each other, (that is, two fuch things as are per- 
feftljr alike). For if there were, he fa^s, God and 
nature would a<^ without a reafon ; it is a thing 
contrary to the divine wifdom, and therefore they 
do not exift. And he inflances in two leaves or 
two drops of water. And he feems to biiild his opi* 
nion upon obfervation, which is, that if you feek 
never fo long, you cannot find two leaves alike ; ' 
and upon this he rafhly concludes, that it is im- 
poflible ; becaufe God would not be wife in doing 
of it, Ho^^ever, if he can give no wifer a reafoni 
than this, I doubt his principle will fall to the 
ground. For in the nature of things, what anti- 
pathy can God have againft two equal or like things, ' 
any more than againft two unequal or unlike things* 
It is impious thus to tie the hands of God, and , 
vain in him to pretend to know what Godls wifdom 
will choofe or will not choofe. His attempt to 
know this is as ridiculous as it would be, in at- 
tempting to move the whole world with the ftrength 
of a finger, , 

I believe the reader will hardly be fatisfied, whilft 
1 am endeavouring to confute his notion if I do 
not advance a better folution. This I ihall attempt 
as follows, by a veryfimple and plain cafe. Sup- 
pofe the length of the leaft fdrt of leaves to be a^ 
of the grcateft b\ their differenced—^ or d. 
Now I hope it will be allowed me, that the quan- 
tity or length d is infinitely divifibb; and confe- 
quently there is an infinite number of dififerent 
lengths contained in the length d^ and hence 
there may be an infinite number of leaves, and 
all of different lengths, in a gradual increafe from 
a to b. This being fettled, let us confider the 

number 
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number of leaves. The number of them on any 
one tree is but finite, and the number of all the 
trees in the world is but finite v for the fands of 
the fea arc numerable. TherdFore all the leaves in 
the world make but a finite number. Suppofe 
thon any one length be named for a leaf; it will be 
the odds of infinity to i, that in a geometrical 
exaftnefs, there is not a leaf of that length in the 
world; becaufe^the nutnbtr of leaves being ftiort 
c( the number of poflible cafes ; there will be an 
infinite number of cafes that do not happen ; and .■ 
therefore it is infinity to i againft the happening 
of any one in particular. It follows likewife that, 
name the lengtli of any one leaf, and it is the odds 
of infinity to i, that another cannot be found 
frecifefy of the fame length. 

Now this calculation regards only the length, 
but there arc other circumftances as variable, fuch 
as breadth, weight, colour, form, curvature, dif- 
ferent arrangement of the veins, &c. and all di- 
verfified in quantities and ways infinitely various ; 
therefore the odds will, \>y this means, be infinitely 
multiplied ; fo that it is next to impofiible for fuch a 
thing to happen naturally. And hcre^ we need 
not to have uippofed infinite degrees of length; 
for if * wc had but affumed a very great number of 
lengths, each differing by the leaft conceivable 

Quantity ; yet by the infinite number of circum- 
:ances that attend it, the refult would ftill ftiew 
that it is almoft as infinity to .1, againft fuch 
an event happening. And by the fanrie reafoning 
one cannot find two ftones alike, or two drops of 
water. 

As to drops of water, there is not as great a va- 
riety as in leaves. Yet if you fuppofe but one 
heterogeneous particle; that fingle particle is ca- 
pable of an infinite number of fituations ; and there 
may be 2, 3, &c. or any number of fuch particles ; 

1 4 from 
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from all which, the fame concluGon will happen 
as before. And here we may obferve, that the more 
compounded any body is, the greater is the im-: 
probability of this event happening. 

Hence appears the true reafon why fuch events 
dp not happen, and that is, the infinite number oif 
fojfibk cafes, and the finite number of reaj cafes ; 
and upon the infinitely fmaU chance there is for its 
happening -, but it is not at all from the impof- 
libility of the thing ; which may be made plain by 
this inftance. Suppofe there be 100 dice, and any 
one fhould undertake to throw all the aces at once. 
,The number of chances is fo great againft him, 
that in all probability, he would never do it while 
the world itands. Yet the thing is not impoffibje in 
itlelf i for the dice may be fo direfted by art, as 
to be thrown every time. 

So now the whole myftery is difclofed that fer 
duced this learned Philolopher to abridge the power 
of God, for fear of contrafting his wifddm. You 
may fee that all the fizes or forms of leaves are 
alike indifferent to God, and nature has the fame 
chance for any length or forml But what is all 
this to do with the power of God ? He can cer- 
tainly make millions of things all equal and alike, 
if he has need of them in the creation; as eafily 
^s he can make them unequal or unlike. But the 
excufe this Gentleman has for this chimerical opi- 
nion, is this, he fays two things perfeftly alike will 
not be two things, but only one thing. But this is 
an affertion equally ridiculous, for twp things will 
be as diftindt, if they differ but in one property, 
as if they differed in ten thoufand. Nothinjg can 
identify two things (/. e. reduce them to one), but 
lexifting in the very fame place, at the very fam^ 
time, and having all other properties the fame.- ' 
Men are fuch imperfcft artifts, they cannot pre- 
tend 



• THE OPTICS. 137 

tend to inake things equal or alike, to a geomCf 
trical exaftnefs ; but they can make them fo near 
as they cannot difcover any difference. But Go4 
can work perfeftly, which men can only imitate. 

God is a being felf-exiftent, omnifcient, om- 
fiipotent, and omniprefent. This b^ing can do 
all things that are poffible to be done, or that im- 
ply no contradiftion. Thefe are his natural attri- 
butes, as has been mentioned before ; and which 
Sir I. Newton has given a fublime defcripticfn of,' 
both here and in the Principia, which this babbler . 
has thought fit to criticife, but with an ill grace. 
As to his moral attributes, wherewith fome people 
have invefted and complimented God Almighty ; 
as his GoodnefSy Mcrcf^ Jujiicey &cq. thefe are 
not real properties, but are •only confequent 
from, and included in, his wifdom. As for ex- 
ample, God cannot be faid to be infinitely good, as 
he may be faid to be infinitely powerful, or infinitely 
wife ; but he is always fo far good, as is confiftent 
with his wifdom ; and the like for his mercy, &c. 
As to our knowledge of God, we muft content 
ourfelves with the knowledge of his natural attri- 
bute$; for we know nothing further relating to 
him. It is a profound fecret to us how he afts, 
how he perceives, or how he exifts. Here he hides 
himfelf froni us and will not be known. Nor fhould 
we cyeji know that fuch a being exifts at all, but 
from our own exiftcnce, and the regular phoeno- 
mena that appear in the world, which bear witnefs 
to it. So that we are fure there muft be a firft 
caiife, from whom and by whom all thefe things 
have their original ; as is fhewn at large by our 
great author Sir /. Newton. 

1 believe the improvements that have been made 
to the Science of Optics^ fince he left it, are few 
or none; his queries are ftill to feek, no body has 
inycftigated any of pheip. One would think that 

thefe 
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thcfexavillcrs againft gravity, as an occulf quality^ 
would have taken care to have inveftigatcd its 
caufe, hinted at in thefe queries ; but it remains 
as occult ^s ever, for them. They are more ready 
to difpute than to a6t To compleat thefe things, 
we Ihould have another Newton ; but as that is 
not to be expefted, we need not think that any 
improvements will go faft forward/ 

As I have corifidered the principal objeftions 
that have been niade againft the Prindpia and the 
OpticSy moftly by foreigners. It cannot be amife 
it I take notice of fome tha^ have been made a- 
gainlf his Chronology ^ by fome in our own country i^ 
to Ihcw how they bite tbejle. 
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An Account of fome of the numerous 
Inconfiftencm^ contained in the Ob-^ 
■ jeSiions made by the Rev, Df, Ruthcr- 
forth, Regius Profejfor of Divinity 
in the Univerjity of Cambridge, a- 
gainfi Sir I. NewtonV Account of 

. the Argonautic Expedition, 

Eft genus bominum qui ejfeprimosfe omnium rerum 
volutttj necfufU : 

Terent. Eun. 

THE Profeffor fets ofFby telling us, that the 
whole of his {Sir Ifaac's) argument^ for fettling 
the time of the Argonautic expedition^ depends upon 
three principles, i. That Chiron and Mufeus made a 
fphere, 2. That they drew the Cokres of the equi- 
noxes thro' the i^th degrees of Aries andLibra^ and 
that of the Solftices thro* the 15th degrees of Cancer 
and Capricorn, 3. That they knew how to draw the 
Colures exaSily. 

Here he begins by aflerting a manifeft falQiood ; 
for the whole of his argument does not cdnfift in 
thefe three Articles, For Sir Ifaac ftrengthens his 
argument by fo many events, taken out of hiftory, 
which all confpire to prove the fame thing, that 
no body (except they be ftrangely bigotted, like 
this Gentleman) can rcfufe his affent. But let us 
examine his three grand principles, i. That Chiron 
and Mufeus made afphere. Now this is a point of 
hiftory, and therefore ought to be taken as matter 

of 
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of fadt, or elfe there is an end of all reafoning from 
hiftorical relations. YetourDoftorfliews a ftrong 
iiielination to fufpeft its truth, if it could be* done 5 
and fcems to waver between two opinions, whether 
it was, or was not ip. However, not being able 
to get over that, he tells us, that thefe figures 
drawn on the fphere, muft' relate to rpligion ; /^r 
delineating conftellations for the ufi Qf faihrsy could 
he of nofervicefor the praSlice ofjuftice. Here one 
would expeft that he fliouid have fhewn us how de^ 
lineating conftellations not for the ufe of -Tailors, 
could bs of any fervice to the praftice of juftice ; 
or what relation there is between juftice and the 
conftellations. But unluckily he has left this Ihort. 
Now every body knows the ufe of the conftella- 
tions in failing: tbcy had no other way at. that 
time to guide their ftiips thro^ the ocean, but ob- 
feryations of the ftars. This ufe then is obvious ; 
but the other ufe, which the Profeflbr dreams on, 
is £0 feek. As to Hippo the daughter, who is al*.^ 
lowed to have ftudied, nature in the fame manner 
as the father ; the Dr. fays, fhe (hewed the will of. 
the Gods> by her oracular anfwers, or from the rijing, 
ef i be ftars. The ufe ihe made of her knowledge, 
was to teach the will of the Gods from the mo- 
tion of the ftars. This is enough furely to Ihew 
that they both ftudied Aftronomy. But then this 
knowledge was applied, it feems, to the purpofe^ 
of Jugury or telling fortunes. But can any body 
. (but this Rev. Doflior) be fo dull, as to think that 
two -of the greateft Aftronomers of the agefhould 
apply ALL this knowledge, to fuch a trifling 
' infignificant purpofe; and not rather apply fome 
of it leaft, to the nobler purpofe of Navigation^ 
for which it is naturally adapted, and very much 
wanted for that purpofe. For without the know-, 
iedge of the ftars, they could make no long voy-. 
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ages •, nor had they any other method' at that time 
to guide a fhip, but the help of the ftars. Con- 
fequently it was natural for the navigators to dpply 
to the aftronomers for that purpole. But the Pro- 
fefforfeems ftill not to be content in allowing thefc 
figures to.be the conftellations ; for, fays he, per-- 
haps this may not mean to form conftellations^ but to 
divide the heaven into regions. As if dividing the . 
heaven into regions or fegments, could teach the 
rijing and motion of the ftars. Mufeus^ he fays, 
was a poet^ hnd writ a poem concerning the fphere^ 
l?ut there was no fort of reafon to conclude that he was ' 
a praSiical aftronomer. I dare fay, no body would 
ever draw.fuch a cbnclufion, but this fagacious 
Dodof . For can aily body in their fenfes fuppofe^ 
that any man will take pains to write a poem con- 
cerning a fubjeft, that he knows nothing at all 
about. How muft he defcribe the circles of the 
.fphere, or fhew the nature and ufe thereof, if he 
aid not underftand the Iphere ? But all thinking 
men mull rather believe that he knew what he was 
doing, that he underftood the fphere, and of con- 
fequence muft be an aftronomer. I fay, the con- 
fequence is plainly this, that there was a fphere in 
the time of Mufeus^ or he could not write about 
it, and that he underftood the fpherd he was def* 
cribing j and if he alfo made a fphere, as hiftory 
informs us he did, and was the firft that made one j 
then this point is fully determined: But if it was 
Only a poem, yet certainly if a man writes upon ^ 
fubjeft (efpec^ially a matheraaticaL one) he muft be 
allowed to underftand that fubjeft, whether he 
writes in verfe or profe. Yet the Rev. Do6tor 
will not allow Mufeus to be an aftronomer, becaufe 
he was a poet -, which is juft as good a reafon as 
this, Dr. Rutherforth is a Parfon^ and therefore is^ 
' no Aftronomer. 

He fays further, the accounts we meet with in the 

fonts 
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foels (ccfncevning the Argonautic Expedition^ is only 
itsjahulous biftorj. And the names of the confielta^ 
lions Sir Ifaac has taken from this fabulous bifioryi 
The poets then cannot be tnifted, even to give 
the names of things truly. But this writer is cer- 
tainly at liberty to call any thing fabulous he 
plcafes. He may reckon the whole fabulous, if 
he likes ; and that the expedition itfelf is nothing 
but a fable* The poets give us a mixture of truth 
and falfhcod, or fables intermixed with truth. This 
Sir Ifaac knew, and by Yiispbilofopbicaljieve^ could 
' tell how to fift out the true, and leave the fabu-^ 
^ lous part behind. Whilft fuch writers as this Vro- 
feflbr arc forced to take altogether by the lump > 
and not knowing how to feparate them» call the 
whole fabulous. However, what Sir /. Newton has 
taken, is moftly from the Hiftori^ns, who muft be 
luppofed to relate matters of faft, and not fables ; 
and thefe he corroborates from the teftiniony of the 
poets. And as far as I can find, this Doftor is of 
opinion, that the Conftellations lyere formed with- 
out having any names given to them 5 or elfe what 
fliould hinder the names fi'om being tranfmitted 
down to pofterity, as well as the Conftellations 
themfelves. Nay, they could not be defcribed 
without their names. 

The next objedion this Rev- Doftor makes is, 
placing the conftellation Argos in fuch a pofition, 
that the principal ftar Canopus could not be feen j 
and he thinks, // fbould rather have been placed in 
the zodiac. But any body may confider, that the 
conftellations in the zodiac are of far greater ufe 
than any of the reft, as they ferve to Ihew the mo- 
tions of the fun, moon, and all the planets ; and 
therefore thefe muft be firft of all placed -, and this 
being fo, he could not place Argos in the zodiac 
without difplacing fome of the reft, that had been 
£xt before > confequently it muft be placed where 

he 
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iic could find a vacancy. In the pofition (he was ' 
placed, her mafts, fails, and rigging might be 
feen. Befides, it is evidently more natural to place 
the fliip in the horizon, with part of her invifible, 
AS if under water, than have her fufpended in the 
air 5 as fhe would have been, had (he b^n fet in 
the zodiac, where fun, moon, and planets move, 
jBut let us come to his fecond principle. 

2* That Chiron drew the colure of the equinoxes 
thro* the i^th degree of Aries and Libra^ ,&c. , Now 
this is a poiQt of hiftory, which is ^11 the i^/^ al- 
lowed, and therefore muft be granted. If this 
J^rofeflbr difputes it, ^lien he is difputing with Eu- 
doxus^ and not with §\v L Newton j for Eudoxut 
was defcrilping the fphere pf the antients. But this 
Do^tpr tells us, that he was defcribing the fphere if 
bis own time ; the confequence of which is, that 
Eudoxus (and even Tk^les) muft have lived 940 
years before Chrift, which is a manifeft Falfhood* 
IJet^Us us, that in defcribing the colure of the 
folftices. Sir Ifaac leaves off, and omits a very mate^^ 
rial${irtj which Hypparchis adds. This fagacious 
Doftor, it feems, did not fee the reafon of this ; 
' Sir I^ac had data enough without going any fur- 
ther, to determine what he wanted. And if the 
^remaining defcription was as it ftood in Eudoxus*s 
,time-(as this writer fays) ; then what had Sir Ifaac 
to do with that ? for the pofition of the colures muft 
be quite altered in near 6qo years. But the Doflior 
fccms not to underftand, that many of the conftel- 
lations had been mifplaced, and drawn otherwife 
in fucceeding ages, and could not well be reftified; 
.arid fuch as-were rightly placed, or could be rec- 
tified. Sir Ifaac made ufe of. Befides, if this Oh* 
jcdor knew any thing in Aftronomy, he would 
cafily underftand, that fuch ftars as are placed near 
the pole, or far from the ecliptic, are fubjeft to 
great errors 5 for a. fmall one there, becomes a 

very - 
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very ^eat one at the ecliptic, and therefore ^er??* 
judicioufly omitted by Sir Ifaac i and for this rea- 
fon, he need make no wonder of thcfe Joeing omit* 
. ted. Bcfides, where the place of the colure is too 
generally defined, and a ftar cannot be found to 
dircft it with fufficient es^adnefs j fuch data as thefe 
ought to be left out. For any body that knows 
what he is aboutj^ will choofe clear data before am* 

• biguous 'ones ; while fuch a judge as this Doftor 
muft take all without diftindtion. In order to de- 
termine this point, Sir I. Npwton, withtincommon 
fagacity and judgment, has in either cafe, chofen 
jfive of the beft defined; and moft unexceptionable 
places, to found his calculations; upon ; which he 
has compleated with as much fkill and nicety, as 
the folution of fuch a problem deferved. So thaft 
the method he has followed will be admired and^ 
approved by all proper judges; tho* it be con- 
demned by fuch ignorant, perverfe critics as this, 
that are too dull to fee the reafon and beauty of , 
fuch a procefs. 

By this judicious way of proceediftg^ he has 
found the mean places of thefe colures (from thefc 
five), to be Taurus 6' 29** 15', znALeo 6* 28® 46', 
which are fo furprifingly near, that the moft fcru- 
pulous cannot expedt any thing nearer j which is a 
full teftimony of its truth. So that ^t a mean, 
the four cardinal points had gone back i' 6^ 29', 
which amounts to 2627 years. Nay further than 
that, thofe very places which this ProfefTor fays he 
left out,' he fbews that they all fall in the folititial 
colure, as Eudoxus had defcribed them ; and con- 
fequently that this had all the characters of that 
colure, according to that defcription. But this; 
purblind critic either could not or would not fee 
all this. This being all made plain, will ht fay, 

^ that Eudoxus lived fo many years fince ? Yet he 
fays as much, when he fays Eudaxus defcribed the 

fpheref 
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i|)here as it was in his own time. But as far as I 
Can fee, he will neither allow the colures to pafs 
thro' the middle of the figns in Eudoxus'% time, nor 
Cbiron's time, nor any time elfe ; fo ftrangely full 
of contradiftions is he. 

What he fays about the little Bear is nothing to 
the purpofe. If it was not formed into a conltel- 
lation in Cbiron*s time, what had Sir L Newton to 
do with it. And even if it was, it was too near 
the pole to make any calculations upon •, but any 
way, Eudoxus could not defcribe the path of the 
colure in other words. But if the Profeffor would 
have done any thing to the purpofe, he Ihould have 
calculated how far this ftar was from the colxire ; 
and then a better judgment could be made. He 
like wife fays, // is impojftble to conclude from this de- 
fcription of the cardinal points^ that Chiron placed 
$bem in the middle of the conjiellations. Now had 
the Doftor made any calculations to (hew this im- 
poflibility, or to (hew how far any of thefe points 
deviate frbm the colure, he had done fomething. 
But he fcems to be better qualified for forging ar- 
guments, than making calculations. But Sir Ifaac 
has aftually made calculations, and has found and 
demonftrated all thefe defcriptions to be right, by 
thefurprizing agreement among all thefe obferva- 
tions •, which is fufficient to overthrow all the 
Doctor's wild gueffes, and filence all his cavils at 
once. And indeed it is no wonder to find hin;i 
miftaken in a matter, which is quite out of his 
fphcre ; when he miftook in a .matter within his 
own fpherc, about the nature of Virtue \ till a 
Lady, Mrs. Coburn^ fet him rights G Do3or ! 

3. We come now to his third grand article, whe- 
ther they knew how to draw the colures exailly. Tliis 
is fuch a childifli objeftion, that I don't know what 
anfwer is fit to be given to it. If he means pcr- 
fcaiy exa<a:, there is no man at this day can do it. 

K * For 
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For at this rate the colures are to be drawn pM^ 
cifely thro* fuch and fuch ftars, which can bie 
looked on no otherwife, than as fo many, mathe* 
matical points, which cannot be. All that can ber 
concluded from hence is, that e^ch colure, whep 
rrghtljr drawn, will pafe fo near any ftar, that the 
difference cannot well be difcovered, by fuch in- 
flruments as were then ih ufe ; pr that fuch and 
fuch remarkable ftars, con\e the neareft thereto of 
any. But let us fee how he argues upon this point. 
He tells us, Eudoxtis tvas defcribing the Jpbere as it 
Jiood in bis time ; and in the very next words he 
confutes himfelf by telling us, we are fur e that he 
placed them wrongs for we can prove that they wer4 
not in the middle of the coHfiellations in bis time. Was 
ever poor Doftor fo embarraffed with an argument ; 
he Brit tells us, that Eudoxus was defcribing the 
fphere in his own time ; and immediately after, that 
fuch a defcription did not at all agree with the 
/phere at that time. Would not any body but this 
Objeftor then conclude, that it was not defcribed 
' for that time, but for fome other. Every circum-* 
fiance leads him, as it were, by the nofe, into a 
dired path, arid yet he moft ftrangely miifes his 
way, Inftead of doing that, he has nothing to re- 
cur to, but that ridiculous fhift^ that Eudoxus di4 
not know how to draw the colures. Here then it 
feems we have a famous Aftronomer> and the 
greateft of the age, that did not know how to 
drawone great circle perpendicular to anotheron the 
fphere^ he was fo very ignorant. I know not what 
this Doctor may think, but 1 bfelieve all the world 
-Will laugh at fp idle a chimera. But the Dodot 
keeps fluttering about among thefc abfurdities, not 
knowing where to fix ; but will readily agree to 
any impoffible fchcme, rather than to Sir /. Newton, 
Here one would think, if Eudoxus had miffed hi^ 
aim in dra^ving thro' one ilar,- he would fcarce hay^C 
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thiflcd two ; and if he miffed two, he would hardly 
mifs three ; but by ftrange ill luck, he has mijfed 
them all, according to him. And yet Sir Ifaac has 
fcewn that he has bit them all. So that this great 
Profefibr has made a fool of Eudexus^ or elfe of 
himfelf. But Profeffor Simfrn^ of GUfgow^ givejj 
H quite different account of Eudoxus\ he tells us^ 
that it is the opinion of fome learned men, thai 
Eudfixus was tie author of the chief propojitions in the 
tzth hook of Euclid. See his notes on B. 12. Euclid. 
But to ftiew you how great an Aftrononler thi^ 
Frofcffor is, hfc quotes Hipparchus for faying, that 
no fecondary of the equator, could pafs thro* all 
the places, before mentioned to be^ in the colures. 
Now if this Gentleman knew any thing of the 
fphere, he would not at all wonder at this y be- 
caufe it is impoffibie, that the two great circles (thef 
two colorcs) which were perpendicular to the equa- 
tor in the time of Chiron \ I fay, it is impoffibie 
that the fame two great circles fliould be perperi- ^ 
4icular (or fecondaries to) the equator, in the time 
of Eudoxus : For Hipparchus knew better. And 
this is another proof, that the fphere defcribed was 
not for the time of Eudoxus^ but for fome other 
preceding time. And hence this Rev. Doftor need 
take no further pains to make Eudoxus an ignora- 
mus, for it will all fall upon himfelf ; all his argu- 
ments being founded upon his own ignorance ; 
and all the confequences. he draws from his abfurd ' 
rcafoning, muft all fall at once. But where is his 
modefty, thus to fall foul of a perfori of fuch tranf- 
cend^nt abilities as Sir Ifaac ; and who has obliged 
the world with fo many eminent difcpvefies, and 
which were thought before to be beyond human 
art ; and yet with no better fuccefs, as he himfelf 

, appears to be no judge of it -, and with no better 
deugn than to degrade that great man, who Ihines 

" brighter for being cavilled at. For the fame fpiric. 
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and genius that runs thro* his other noble work$^ 
arc equally Yifiblc in this of his Cbronolcgy. 

I think it ncedlefs to purfuc this learned Doftor 
any further ; it is plain he did not underftand what 
he was writing about : every incident confutes him. 
But Sir Ifaac ftands firm, his plan is confirmed not 
only by the agreement among the obfervations, but 
aWb by a great many other proofs of a diflferent 
nature, all confpiring to prove the fame thing. And 
in fuch cafes as this, which arc not capable of ma- 
thematical demonftration ; the concurrence of fa 
many ciccuirftances muft make the thing fo highly 
probable, as to take away all doubt and fcruple, 
and give entire fatisfadlion. 

After it was known that Sir /• Newton had writ 
a book of Chronology y a foreigner (one Ahhe Conti) 
under the pretence of friend(hip to Sir Ifaac, ob- 
tained a copy of the Chronicle or Index, with a 
folemn promii'e to keep it fecret. But obferve how 
he kept his promife ; he communicated it to one 
Souciety ajcfuit, who got a bookfeller at P^r/V to 
print it, without Sir Ilaac's knowledge or confcnt ; 
and with it a pretended confutation of the Chroni- 
cle, by the faid Souciet. This was fent to Sir Ifaac, 
who confuted every article of this pretended con- 
futation. So that this may be faid to be ftolen from 
him, much after the manner that Leibnitz dole his 
Fluxions ; but with a worfe defign, to involve Sir 
ifaac in difputes to oblige Leibnitz. 

And the fame Souciet y after Sir Ifaac's death, writ 
another Tradt igainft him. But Dd Hallcy fliewed 
him, that thro* his ignorance in Aftronomy, he had 
made falfe calculations ; and had affumed a wrong 
ftar, for the firft ftar of Aries ; and fhewed hiitt 
whe;i, ail thefe things were rcftified, the matter 
Would be juft as Sir /. Newton had defcribed it. 
^hus you fee how this great maahas been ufed. 
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Of Dr. BedfordV Chronology. 

THIS Author is one of the fame ftamp as th^ 
foregoing, or rather more enthufiaftical ; for 
if you will believe him, he can tell the very day 
when the moft remarkable events in the beginning 
of the world happened. He promifes a large book 
with fnaps, wherein, no doubt, he will inform youi 
of the very day when the world began, where the 
garckn of Eden was placed, where the Ark refted, 
and how every Spot of Ground was peopled after 
the Flood, &c. And ali fuch difficulties as are 
without the power of Sir /. Newton^ or any body 
clfe befides. For in the Advertifement to the pre- 
fent boolc, he tells us, that the fun wi^s created in 
the Equinox on di'Thurfday^ and the moon at full ; 
that God fpoke to Noah on a Sunday -, that Noah 
ceafed from bringing the living creatures into the 
Ark, on a Sunday ; that God fpoke to \\\m to come 
out of the Ark on a Sunday •, that God fpake to 
Abraham on a Sunday ; that Solomon dedicated the 
temple on a Sunday ; that the angels fung Glory to 
God, for the birth of Chrift, on a Sunday, &c. &:c. 
So that our Author, to be able to folve fuch pro-r 
blems as thefe, without any Data^ cannot be lefs 
than infpired ; and fo I believe he is, with pre- 
fumption and vanity. But I think few people, 
who are thus glutted with fuch impoffibilities, will 
think it worth their while to penetrate any further 
inito this profound Treatife -, in which he is as con- 
fident, as if he had been prefent at every event. 
1 (hall therefore only give a few fpccimens.of his 
fine reafoning. 

He begins his book with a moft fulfome Enco-: 
Uiium upon Sir /. Newton^ as a great Mathemati- 
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cian ; tho' he was no manner of judge about it, as 
•will be feen after. He tells you, that Sir Ifaac's 
Chronology was writ in his dotage ; tho' Sirlfaacex* 
prcfsly fays, he did it when at Cambridge^ and 
therefore when he was a young man ; and he only 
revifed it when he was old. And in reality it had 
been the wprk of his whole life-time, at his vacant 
hours. This Author tells us, the rcafon that Sir 
llfaac would not publilh it in his life-time was, that 
he was confcious of his miftakes and errors, And 
be may as well fay, that his refuGng to print his 
Optical leSureSy or his book of Optics j was becaufe 
He was confcious of their being jerroneous. So 
ready are fuch authors as this to give falfe reafon$ 
for things, and mifs the true ; for the true reafot^ 
was, to prevent wafting his time in ofclefs difputes, 
with weak and obftinate perfons, not worth a dif- 
pute, like this Author, 

This Doftor fcems to be under great concerHf 
that iiir Ifaac's Chronology fhould diflFer from the 
Scripture Chronology ; but I believe it is ratheF 
for differing from three or four bilhops he. men- 
tions. For Sir Ifaac takes care all along to con- 
|ic€l his account with that of the Scripture; tho' 
perhaps not according to the fenfe of this Author. 
And becaufe Sir Ifaac differs from all other Chro- 
nologers, therefore he thinks it muft needs be falfe, 
and fo he. condemns it at once, becaufe not agree- 
able with hini and his four Bifhops. 

It is no news to tell us, that Sir /. Newton^s 
Chronology differs from all the world ; it was Sir 
Ifaac's profeffcd defign. He attempted to correct 
(he anticnt Chronology, which no body elfe could 
do, or at leaft has done. But this Rev. Doftor 
gives us nothing but a loUk poicb of the common 
Chronology, with ail its inconfiftencies and errors 5 
which he knew not how to get rid on, or to mend. 
\jrhis he intermixes with his oyvn wild conjectures \ 

and 
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and a romantic account of his own, taken at ran- 
dom from all forts of authors. But let us fee how 
he goes on. 

Arguing againft Sir /. Newton about (hip build- 
ing. He tells las, that tbefirji patfern for Jhips waf 
the ariy which was rhade fquare^ that it was not de-- 
Jigned for failings hut to tie on the water. How 
comes it then to be a fit pattern for ftips, that are 
to fail from one place to another ? And he tells us^ 
t\izt tall and long Jhips were probably invented by Ham^ 
who having been in the ark^ could not be ignorant of 
navigation. As if a man that was clofe (hut up 
in a trunk, which was to lye upon the fca, cou0 
from that (ituation, conceive any notion of navi- 
gation : ft) little knows he what Navigation means. ' 

Sir Ifaac fays, the Chronology of things done 
in Europe above So or 100 years before Cadmus 
(who invented letters) cannot be admitted. This 
Doftor replies, and the hijlory of Mofes^ of the things 
done above 100 years before his time^ will be deliroyed 
by the fame argument. Here he puts Mofes upon 
the fame footing as other common hi(]torianS|> 
he owns no difference of circumftances. 

Sir Ifaac tells us, that Sefac left geographical 
tables of all his conquefts at Cholchos : and there 
Geography had its rife. This ObjecStor has nothing 
to anfwer but, ;/ is very feldom that fuck arts are 
found out by martial men, who have fometking elfe 
to do. Here is another inftance of his ignorance ; 
for can any man invade a country, but he mull 
know or fiod out the fituation of places, how they 
zvt bounded by one another, or by the fea, &c. 
And the knowledge of this is Geography. And his 
ignorance is ftill further confirmed in tliis, where 
he makes Sihor not to be the NilCy but a river in 
the cou4:itry of the Amalekites, where there is no 
fuch river. When he writ this, he certainly was 
iwt capable of thinking. 

K 4 Sir 
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Sir Ifaac fays, the temple built by Menes could 
not be above two or three hundred years older than 
Pjammittcus that finifhed it. This Doftor anfwers, 
Cbronok^y may be reduced ftill further ; for Herod 
the great^ who was alive at the birth of Cbrift^ 
finifked Solomon's temple 5 and therefore it could not 
be above two or three hundred years older than the 
reign of Herod. So that this blundering writer 
cannot tell the difference between finifhing and re- 
pairing. There are endlefs examples of fuch 
wretched ftuff as this given for reafons and ar- 
guments, and hardly any thing better. 

His rcprefenting Sir /. Newton as not capable of 
knowing what was demonflration and what was not ; 
is very conformable to the fentiments and difpo- 
fition of iuch a brute as this, that has not the leaft 
idea of the nature of a demonftration. Now for ^ \ 
fome ftrokes of his aftronomical genius. 

The firft thing of this fort that he prefents us 
with, js the calculation of the fun's place 2066 
years before Chrift, which place he falfely makes 
m Capricorn- 14'' 8' 19'' ; which fhould be Sagitary 
13^ 23' zdL The Egyptian year did not take 
place 1319 years before Nabonaffar ; and if it did, 
this ablurd calculation proves nothing at all. Yet 
from this, he makes the diftance of the fun from 
the tropic only 45^ when he is 21 days from it, 
by his own calculation. Nor does it appear by what 
fort of legerdemain, he makes 45° anfwer to 21 
days. Alio it may be obferved, from his procels, 
that he makes the Julian year take place from the 
Era of Nabonaffar ; which is another blunder. 

When the Julian year begun, he tells us, the 
beginning of the year was, when the fun was in 
Capricorn 8"* 50^ 5}'', and its diftance from the 
tropic I V ; fo by this, the tropic was in about 8° 33' 
of Capricorn, which is an abfurdity. 

He makes a remark from Scaliger^ that the co- 
lure 
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lure could not pafs thro' the tail of the ferpent, 
altho* there is no calculation made about the fer- 
pent ; fo that this is nothing to the purppfe. Yet 
he concludes thiat the colure had been placed wrong, 
juft the fame as Dr. Ruthtrfortb fays, an aftronomcr 
as wife as himfelf. 

This author tells us, the mariners at feafind dui 
the latitude of the place^ not from the exaU height of 
the fun at noon ; and from fuch fluff as this, he tells 
you that Chiron (or fome other) "would place the 
fummer foljiice and its colure^ not at the entrance of 
Cancer itfelf^ but before it. 

In quoting HipparchuSj he tells us Hipparchu^ well 
knew there was 1 100 years between the time of the 
argonautic expedition^ and the difcovery of the motion 
of the equinox. But certainly the author does nofr 
well know what he writes, for if Hipparchus had 
known this fowell, he would have told us fo. And 
all the confequence he draws from this fuppofition 
is nothing but ,a heap of abfurd nonfenfe. 

The next aflronomical flourifh he makes, is to 
calculate the time of ArSIurus* rifmg ; but before 
he begins, he has his way to pave with fo many ifs 
and and^s^ zxA fuppofitions^ that the reader muft be 
furfeited before he begins his calculation. Then 
he afTumes the lat. of Cuma (but it was Afcra where 
Hefiod lived), to be 38*^ 54', which Ihould be 
39^ 20' at leafl, but no body can tell exadly ; but 
a fmall error will do him a deal of feryice, and 
he can apply it his own way. In calculating 
from his data, he finds the declination of ArSlurus 
an. 870 before Chrifl, to be 34° 25', which fhould 
be 34** 19' 32''; and his right afcenfion 179° 32', 
which fhould be 178'' 21' ; and fo finds ArEiurus 
at fun-fet, 2° 56' under the horizon, which fhould 
be i^ 46', by his own data, if he had wrought 
right. Now this eminent aftronomer, or his com- 
puter. 



154 ADEFENCE OF 

puter, has made no manner of allowance for rc- 
fraftion •, which being done, it will bring ArUurus 
very near the horizon, as it ought. Nor does he 
take notice of refraftion in the reft of his fublime 
cafcnlations that follow. But to make all clear, 
he tells us, that the number 60 may ftand for gg^ 
or 65^ &c. which is a pceHca licenSia^ that I did 
not underftand before. 

This doftor tells us Sir Ifaac's whplc book U 
built upon this, that Cbiron made a fphere, &c. 
But this is a moft impudent falfehood, for the whole 
book is not built upon this -, it ftands upon many 
more pillars, which this writer, with all his fophiftry, 
is not able to demolilh. Whether Chiron^ or who» 
ever made the fphere, it will be the fame thing % 
if it was made at that expedition, or a little after, 
as there is no room to doubt. 

This Rev. Doftor contends that the ages of men 
were longer in ancient times than at prefent ; and 
therefore he thinks Sir Ifaac has made them too 
fhort. But he cannot make it out, that they were 
any longer within the bounds of this chronicle. 
And David will be againft him ; for he tells us, 
not of one particular man's age, but in general, 
that the age of man is 70 or 80 years, as at 
prefent. 

And the like objeflions he makes againft the 
reigns of kings -, tho' Sir Ifaac has confirmed the 
thing by fo many catalogues of vaft length. And 
this Author's picking out fliort catalogues of greater 
lengths, whetncr of ages or generations, is nothing 
to the purpofe. He may as well take one age or 
one generation, as a ftandard of all the reft. But 
this 'is not doing juftice to the caufe. 

This worthy Do6tor is fo enraged, that Sir I. 
Newton's Chronology is oppofite to all the world 
befides •, that he damns it at once by wholefale ; and 
falls into fuch a ftrain of raillery as is hardly to 

be 
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be matched m all BillingfgaHc. He can talk of 
nought tor fcveral pages together but contradiahg^ 
the Striptures^ I'his fyftem of Chronology giving 
men a difmal HnSlure^ rooting-out of religion^ 
bringing in infidelity^ that £ich foifon ought not to 
go abroad ; the DeviVs fpite againft the /acred ora* 
clesj and the muftering of his forces^ blafphemies^ 
Iter^esj liberty for new religions, Athetfm^ Deifm^ 
Hell torments^ man's immoralities and debaucheries^ 
attacks on Chriftianity and Scripture Chronology^ 
finoaks arifing out of the ^ottomlefs pit^ that darkett 
the fun and the air^ &g. &e. and, I believe, by the 
time that the reader has got thro' it all, he will 
be nearly choaked with all this Imoke. And all 
this Rant is, becaufe men will not fwallow every 
ftupid thing, that fuch men would cram down 
their throats. After fo pathetic art harangue, no 
body need have any doubt about his pacific diipo- 
fition ; this pious Doftor, 1 1>elieve, will hardly 
fend any man to heaven, that ihould prefume to 
give any credit to fuch a vile book as Sir /. New- 
tori% Chronology. But L linderftand not why all 
this ftufF is introduced here into a book of Chro- 
nology •, except this pious Doftor meant to call 
do^n fire from heaven upon all fuch wicked perlons, 
as (hould take the liberty to differ from him in 
Chronological matters^ as well as in Religion. 

He frequently mentions Sir /. Newton as a great 
and eminent Mathematician, nay, the greateft in 
the world. Yet he dare not truft him with the fo- 
lution of certain aftronomical problems ; but at- 
tempts to give more exaft folutions to them him- 
felf. At this rate he miift be a greater mathema- 
tician, and a greater than the greateft in the world. 
Or perhaps Allronomy muft rather be reckoned a 
part of Divinity, than of Mathematicks. 

However compleat he may be in the mathema- 
tical arts, he is certainly compleat in the art of 

Squabs 
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Suahhling. For example. Sir Ifaac tells us, that 
le obfervations of the ancients were but coarfe. 
This word is of infinite fervicc to him, and he 
ibews it over and over. By the magic of this word 
he can make any error, great or fmall, ferve his 
turn. For if he mifles his mark never fo far, he 
can always account for it from the c$arfe obferva- 
tions of the antients. This with him is a word of 
great latitude, and has no bounds. 

I fufpea what irritates his temper moft of all is, 
that this regular fyftem of Sir Ifaac's is likely to 
overturn his great Babel \ which makes him labour 
with might and main to fccure it; but with more 
fains than prudence. For there is as much diffe- 
rence between them, as between a regular and beau- 
tiful garden, and a confuted wildernefs. 

But to take my leave of this Author^ this re- 
nowned Champion for vulgar errors; Sir Ifaac 
having proved Qjjirisy Bacchus^ and Sejoftris and 
Sefac^ to be all one and the fame perfon. As each 
of them was king of all Egypt at the very fame . 
time, and by a great many other circumftances 
common to them all. This acute Reafoner argues 
thus ; there were three famous men in theworldy Hath- 
nihal^ Bellifarius^ and Churcbil ; they were all very 
eminent generals^ remarkable far their courage and con- 
du£lj led their armies into foreign countries^ fought . 
many battles^ took many towns^ Qc. therefore they arf 
the fame with the Duke of Marlborough. 

But pray flop a little Rev. Do6lor, did all thefc 
men go into the /?«;i^ foreign countries, fight the 
fame battles, take the fame towns, &c ? if not, 
where is the fimilitude ? Now, Sir, as foon as 
you can make out, that thefe four men were each 
a general of the whole army, at one and xhtfame 
time, in one and the fame place Cas the parallel 
requires) ; then in fpite of your Logic^ they will 
be one and the fame man, or rather four different . 

names 
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names for thQjawe man. This Doftor is certainly 
very unhappy in drawing parallel cafes, to chufe 
fuch where all. the circumftances arc different, in- 
ftead of being the fame or like. But for all that, 
the conclufion will be the very fame with hkn, 
whether the circumftances be the fame or diffe- 
rent. Does not his fcarlet blufh at this ! Coi^ld 
any body of common fenfe offer fuch childilh 
things to the public. He certainly has a mean 
opinion ot his readers, to think they can be thus 
impofed on. Yet all his parallel cafes are of the 
fame kind. 
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